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PREFACE. 



This volume has been prepared and will be published under the 
provisions of an act of the Thirty-second General Assembly, author- 
izing the publication of Volume 7 of the Geological Survey of Illinois, 
approved May 26, 1881. 

The first section of the volume is devoted to economical geology, 
and mainly to a record of the development of the coal resources of 
the State since the publication of the last preceding volume in 1876. 
The mining interests of the State are now second only in import- 
ance to those of agriculture, and although the information obtainable 
in regard to many of the experiments made with the drill, as well 
as that to be derived from the shafts but recently sunk within the 
borders of our coal-producing area, has in many cases been incom- 
plete and unsatisfactory, through the non-preservation of the records 
kept by those having the work in charge, yet the data obtained, 
although by no means as complete as could be desired, will, I 
trust, prove of considerable value, and tend to the further develop- 
ment of this important industry. 

Sections two and three are devoted to the description and illus- 
tration of the fossil forms belonging to the Carboniferous formation 
of the Mississippi valley, and, as these are mostly new to science, 
their publication will constitute an additional, and, I trust, an 
acceptable contribution to our present knowledge of the specific 
character of the Carboniferous fauna of the North American conti- 
nent. 

In our work on the vertebrates, I have had the assistance of Mr. 
Orestes St. John, of Topeka, Kansas, whose familiar acquaintance 
with the fossil fishes of the palaeozoic rocks render his work of 
special value to those interested in this department of palaeontology* 



-CHir- 



IV 

In the investigation of fossil ochinoids, I was so fortunate as t«» 
secure the assistance of S. A. Miller, Esq., of Cincinnati, whose 
familiarity with that class of organism renders his determinations 
of more than ordinary value, and his work has rt-sulted in the 
satisfactory elucidation of some very difficult and rather unsatisfac- 
tory material. 

The illustrations for this volume were mostlv drawn hv Mr. 
Charles K. Worthen, and are faithful reproductions of the original 
specimens; and the plates have been engraved and printed hy 
Messrs. Julius Mayer & Co., of Boston, in their usual excellent 
style. 

One hundred and sixty-five platus of fossils have been published 
in the preceding volumes of the Geological Survey of Illinois, which, 
with those contained in the present volume, brings the aggi'egate 
number now published up to one hundred and ninety-six, nearly all 
of which have been devoted to the illustration of species new to 
science, and mainly obtained in prosecuting the field work of the 
geological survey, from formations existing within the borders of the 
State. 

The work, however, is by no means complete, and at least two 
volumes more, illustrated by forty to fifty plates each, would be re- 
quired to complete the palseontology of the State in the manner 
originally contemplated. These volumes should also include such 
economical results as may be obtained in the meantime by future 
investigations. 

Nothing further can be done in this direction, however, until pro- 
vision is made for it by a special act of the General Assembly, and 
it remains for the legislative authorities to determine whether the 
work shall be continued and eventually completed, in accordance 
with the original plan, or cease with the publication of the present 

volume. 

A. H. WORTHEN. 



CHAPTER I. 

ECONOMICAL GEOLOGY. 

Coal. — The extensive area of the Illinois Coal Field, covering more 
than thirty-six thousand square miles of territory within the bound- 
aries of this State, is now under a process of rapid development, 
and the liberal expenditure of capital and labor in this special field 
of human industry during the last decade, has resulted in placing 
Illinois as the second on the list of coal producing States of the 
Union. No other mineral resource within our borders is at all com- 
parable in intrinsic value with our coal deposits, and their complete 
development is a subject of vital interest to the commonwealth, and 
deserves to be encouraged by all legitimate means. 

The abundance of coal, the wide area over which it extends, and 
the facility with which it can be mined, and the low price at which 
it has been placed upon the market, has been a leading cause of 
the great increase in our railroad facilities and manufacturing in- 
dustries, thus adding vastly more than the intrinsic value of the 
coal product alone, to the material wealth of our people. It has 
enabled us to compete successfully with the water powers of New 
England in the manufacture of our raw products, and thus saves the 
cost of a double transportation to which our people were heretofore 
subjected, in the transfer of our raw products to the eastern manu- 
facturers, and the manufactured product back to the great food pro- 
ducing centers of the Mississippi valley. 

In Rock Island county, where only the lower seam, or No. 1 of 
the general section of the Illinois Coal Measures, is found thick 
enough for profitable mining, and where it has been relied on for 
the supply of the entire region north of the Bock Island rapids for 
the last thirty years or more, the supply is now well nigh exhausted, 
and the counties lying further east and south must now be resorted 
to for the future supply of that region. Bock Island county lies on 
the extreme northwestern borders of the coal field, and the Coal 
Measures there rest upon Devonian limestone, the whole of the 
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la^r Carboniferoas series of limestones, sandstones, shales, etc., 
..having thinned out in a northerly direction before reaching the 
*' southern borders of that county. 

The Devonian limestone in this county presented an uneven sur- 
face for the reception of the overlying coal deposits, and conse- 
quently the coal itself was not found of uniform thickness, being 
often much thicker in the depressions of the limestone than else- 
where, and sometimes giving out altogether on the higher portions 
of the underlying beds. This has made the business of prospecting 
for coal in this county rather precarious for some years, and led to 
the expenditure of a considerable amount of capital that has yielded 
no adequate return. 

But it is clear, as these experiments show, that the main deposit 
of coal in this county is now well nigh exhausted, and prospectors 
will do well to turn their attention to the counties lying to the east- 
ward, where the higher seams may be found. 

For the benefit of those who may not have access to the preceed- 
ing volumes of these reports, the following condensed section of the 
Coal Measures of this State is here inserted. 



180 to 200 foet. 



75 to 100 feet. 



50 to 60 feet. 



80 to 90 feet. 



75 to 80 feet. 



ao to 25 feet. 



80 to 40 feet. 



80 to 90 feet. 



60 to 70 feet. 



80 to 100 feet. 




20 to 30 feet. 



Sandstone and shale with a six inch seam of coal. 

Coal No. 16— 1J4 to 3 feet 

Sandstone and shale. 

Coal No. 15-1 to 3h feet 

Sandstone and shale. 

Coal No. 14— IH to 2 feet 

Sandstone and shale. 

Coal No. 13-0 to 3 feet 

Sandstone and shale. 
Coal No. 12-0 to 1 foot 

Shales and limestone. 
Coal No. 11-0 to 1 foot 

Shales. 

Coal No. 10-0 to 1 foot. 

Sandstone, shales and limestone. 

Coal No. 9—0 to 2 feet. 

Sandstone, shale and limestone. 

Coal No. 8-1 to 2 feet 

Sandstone, shale and limestone. 

Coal No. 7—1 to 9 feet 
Sandstone, shale and limestone) 
Coal No. 6—0 to 6 feet 
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20 to 30 feet. 



60 to 80 feet. 



60 to 70 feet 



40 to 60 feet. 



SO to 80 feet. 



20 to 150 feet 



I I I I 



I I 



I I 



I I 



Shale and limestone. 
Coal No. 5-4 to 6 feet 

Sandstone and shale. 
Coal No. 4-0 to 5 feet 
Shale&t and sandstone. 

Coal So. 3-0 to 4 feet 

Shales. 

Coal No. 2-1 5i to 5 feet 

Sandstone, shale and limestone. 

Coal No. 1-1 to 5 feet 

Sandstone and conglomerate. 



Lower carb. limestone. 



I I I I 



Of the six lower f>eams represented in the foregoing condensed 
section, where they outcrop in the valley of the Illinois river, five 
are found of sufficient thickness to be profitably mined at some 
points and will afford an aggregate thickness of about twenty feet 
of marketable coal. They are not everywhere of uniform thickness, 
however, as for example, No. 1, at Seville, in Fulton county, is three 
feet or more in thickness, while at the outcrop, south of Lewistown, 
on the north bank of Spoon river, it is too thin to be profitably 
mined. At Prairie City it is reported at 3J feet in the shaft re- 
cently sunk at that point, while in the vicinity of Colchester it is 
nowhere thick enough to work, and is often absent altogether, or 
represented by a bed of bituminous shale. 

At Boodhouse, in Greene county, this seam was reached at the 
depth of about ninety feet, passing through the following beds: 

Ft In. 
Drift clay. soil, etc 76 

Blue and ash-colored clay shale ; 15 

Black shale 1 f t to 1 3 

Coal 2 4 

Fire and potters' clays 18 

This is probably the equivalent of the Battery Eock coal, which out- 
crops in the bluffs of the Ohio river a few miles below the mouth 
of the Saline, and is there associated with the heavy bed of con- 
glomerate that forms the base of the Coal ^easuress in Southern 
Illinois. The coal is there only about 18 inches thick, and the 
mines formerly opened there have generally been abandoned. 
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Coal No. 2, however, is very uniform in its development, though 
it seldom attains a thickness of more than three or three and a 
half feet. The superior quality of the coal which it affords has led 
to its being mined wherever it can be reached at a moderate depth. 
Along the western and northern borders of the coal field it has gen- 
eraUy a very uniform thickness of about two feet, but in the vicinity 
of Murphysboro, in Jackson county, it is a double seam, the upper 
division being three feet and the lower two feet in thickness. In 
the vicinity of LaSaUe it is the lowest coal found, and there has 
an average thickness of about 2^ to 8^ feet. 

Coal No. 3 is a very uncertain seam, and is more frequently 
represented by a bed of bituminous shale than by a true coal, it 
has been mined at Atkinson, in Henry county, where it ranges in 
thickness from three to three and a half feet of good coal. It also 
outcrops in Fulton county, three miles northwest of Fairview, show- 
ing about eighteen inches of good coal. The lower seam in the 
Bloomington shaft I am also inclined to refer to this coal, and it 
is there three feet eight inches in thickness. In Gallatin and Saline 
counties there is a three-foot coal which occupies about the same 
position in those counties that No. 3 occupies in the valley of the 
Ulinois river, but as the thicker seams lying above it are easily ac- 
cessible, but little attention has been given to the lower seams. 

No. 4 is also an uncertain seam and has only been identified at 
two or three points in the State. In Gallatin county it was found 
two and a half feet in thickness, and it has been identified at one 
or two points in Fulton county. Away from the borders of the coal 
field, nothing is at present known as to the development of these 
lower seams, all experiments being usually ended when the first 
workable coal is reached. A boring at Biverton, seven miles east of 
Springfield, is the only one near the center of the State that has 
been carried entirely through the Coal Measures. 

The following is the report of that boring, furnished by Mr. C. B. 
Swan, the contractor, commencing below coal No. 5 and extending 
to the base of the Coal Measures: 

Ft. 

Bottom of coal 237 

Fireclay 4 

Limestone 4 

Black shale 25 

Clay shale 35 

Coal No. 4(?) 4 

Fireclay 2 

Clay shale (soapstono) 20 

Limestone ,, 26 
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Ft. 

Limeetonel?) IB 

Black shale 10 

CoiilNo.3(?) 1 

FiraoUy 3 

QrBTBbBle so 

Lim6stone(7) IS 

Bl&ok shale 11 

Coal Ho. 9 6 

Fireolay 3 

BftDdrehale U 

BlaokBbale lo 

Llmestonel?! ao 

Sandstone *3 

Blue abate W 

Cool No. I t 

FlreoUr 1 

Shale and sandstone f7 

666 

Having do other sectioD throagh the lowdr portion of the Coal 
Measures in this part of the State for comparison, I am not pre- 
pared to say how far the above report can be depended on as cor- 
rect. The beds reported as limestones 40, 15 and 20 feet in thick- 
ness, were probably in part at least hard sandstones, as no such 
heavy beds of calcareous rocks are anywhere known in the State 
below the horizon of the Riverton coal. At Olney, in the south part 
of the State, a boring for artesian water was made to the depth of 
two thonsand feet, passing through only one coal seam, which was 
found at a depth of eleven hundred and sixty feet from the surface. 
A section of this shaft will be given further on in this report. From 
this boring it would seem that all the coal seams save one have 
thinned out in that portion of the State. 

At Canton, in Fulton county, a boring for artesian water was 
recently made by Messrs. Atwater it Co., commencing above the 
horizon of coal No. 5 and extending through the lower Carbonifer- 
ous limestones and into the Silurian rocks below. The following 
section will exhibit the lower Coal Measure strata passed through 
in this boring: 

Ft In. 

Surface depoBlts, soil, olaj. etc 40 

Sbale U 

Coal No. 6 4 6 

Sbale IS 

Llmestonel?) 90 

Shale 61 

Ijlate (horizon oteoal So. 9 16 

Shale 

Coaitlo.i. 

Ptraelay 
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• 

Ft. In. 

Shale 15 

Hani sandstone 5 

Shale 35 

Coal 1 

Slate and shale : €2 

358 

Only two thin seams of coal were found here below No. 5, neither 
of which were thick enough to be of any practical value. No. 1, which 
at Seville, about sixteen miles west of Canton, is three feet thick, was 
only one foot at Canton, and it is also about the same at its out- 
crop in the bluffs of Spoon river, south of Lewistown. 

Coal No. 5, or the Springfield coal, as it is sometimes called, is 
perhaps the most reliable and persistent seam in its development of 
any in the State. Its average thickness is about six feet, and its 
range from four to eight. From Bloomington to CarJinville, along 
the line of the St. Louis, Alton and Chicago railroad, it has been 
found at every point where a boring or shaft has been carried down 
to the proper depth; and recently a shaft has been sunk to it at 
Decatur, where it was found at a depth of about six hundred feet. 
At Sandoval and Centralia, a seam averaging about the same in 
thickness is found at about the same depth, which may be the 
equivalent of the Springfield coal. At all these points the seam is 
about six feet in thickness, and it probably affords at this time more 
than one-half of the entire coal prodilct of the State. There are 
now seven coal shafts in operation on this seam within two miles 
of the State capital, and nearly as many more within the limits of 
Sangamon county. The roof is usually composed of a hard black 
slate overlaid by a few feet of argillaceous limestone, the former 
containing numerous fossil shells, by which it may usually be 
readily identified. 

Coal No. 6 is mined at several localities in Fulton and Peoria 
counties, where it ranges from four to five feet in thickness. It af- 
fords a coal somewhat softer than that from No. 5, but freer from 
sulphur, and therefore better adapted for forging iron. The seam is 
more irregular in its development than No. 5, and consequently is 
neglected except when a superior quality of coal is required for the 
smith's forge, or some other special use. In the shafts in Sanga- 
mon county, it ranges from a few inches to three feet in thickness, 
but no attempt has been made to work it in any of those in opera- 
tion at the present time. 
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Coal No. 7 18 well developed on the northeni, eaetem and eotithem 
borders of the IllinoiH coal field, ranging in thickness from four to 
Beven feet. On the western borders of the field it is nsaally only 
from one to three feet thick; and is generally neglected for the 
thicker seams below. It is the main seam at Danville, the upper 
seam of workable coal in the shafts in La Salle county, and the 
main seam in Gallatin, Saline and Williamson connties, where it 
sometimes attains a maximum tbickness of eight or nine feet. In 
the last named county an excellent coke is made from it, which 
finds a ready market in St. Louis for the use of the iron foundries 
at that point. 

This is a brief rHume of the coal seams in the lower Coal Meas- 
nres, as they appear around the borders of the coal field, and it is 
from this part of our coal area that our present supply of coal is 
mainly obtained. The shaft at Decatur has demonstrated that at least 
one of oar main coals has retained its average thickness to the center 
of the field, and future experiments with the drill must determine 
whether any of the coals below No. 6 can be made available, when 
the supply from that has been exhausted. All experiments with the 
drill in the central and southeastern portions of the State, whether 
undertaken in search of coal or for any other purpose, should be 
carefully conducted, with the end in view of determining, as far as 
possible, the extent of our coal resources in that portion of the 
State, where the main coals, if present at all, are from six hundred 
to a thousand feet or more below the surface. 

The increase in the coal products of the State from 1667 to 1880 
was about 400 per cent., the product of 1867 being about 1,600,000 
tons, while according to the U. S. census report for 1880 the pro- 
duct of that year is placed at 6,069,514 tons, equal to an annual 
increase of about 30 per cent. The census report, moreover, includes 
only such mines as are worked in the regular way, while there is a 
large amount mined annually for local use by the process of "atrip- 
ping" on the outcrops of the thinner seams, of which that report 
would have no record. This would no doubt swell the amount for 
1880 to at least 6,250,000 tons. This increase of our coal products 
has been mainly on the northern and western borders of the field, 
where the coal deposits are the most accessible; and the faciUties 
for market are better than in other portions of our coal area. 

At Olney a boring wa^ made about two yearn since in search of 
artraian water, and the following record of the work was furnished 
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by Mr. Victor E. Pbillips, of Olney. The boring was carried to the 

depth of 2,000 feet, and failed to find flowing water. About 1,270 

feet appears to have been through the Coal Measures, and one seam 
of coal five feet in thickness was passed at the depth of 1,160 feet. 
The following is a copy of the log kept by Mr. Phillips: 

Feet Total. 

1. Soil and elar 12 

,' 2. Saodstoae IK 90 

1 X Arenaceooff shale 110 140 

i. Sandstone IT* lfi5 

&. Shale 131 396 

! C Limestone .. K »* 

i 7. Sandstone 30 SM 

8. iU:s:iilace«>as Uin«?»;fjne 15 M9 

%, Shale »e 781 

Ml BlarksUte 4 735 

i IL Shale widi IlniiMtf/a* t^a-ls 108 843 

i U, LiAesst^ne 6 849 

IX Shale 1 850 

I U. LiaMsfCoae .. 6 866 

ISi Fermc^iiiH 4a.k.*» 4 860 

IL Caliriferr.iw mxrtf ..,. »» 880 

n. Bmwn -tdihit 70 960 

M. Li«JLr: tin*^ M.a^ 85 1.085 

Di ^Mtaif xmk*MrA*iM»r 42 1.077 

, a»- BliD^MUiut. 3 1.080 

Sl Keimi. «d;ki(» 9 1.089 

JSl faui^riuuvKTuike W 1.199 

as. tUM]k«iHA«- 16 1.155 

SL f:<mS 5 1.160 

S. IimMHtU»ii^--batUfffi areno^jeous 40 1.200 

«. Btak- 10 1.210 

27. Blade slate 6 1.SI6 

«L Shale 15 1.251 

». Sacdrshale 40 1.271 

90. Sandy limestone W 1.931 

9L Shale 15 1.846 

81 Limestone 69 1,415 

33. Calcareous sandstone 55 1,467 

34. Sandstone 33 1.500 

35. Clajr shale 40 1.540 

86. Sandr shale with bands of black slate 160 1.700 

87. Sandrsbale 70 1.770 

38. Calcareous sandstone 40 1,810 

89. Bedsandstone 70 1,1 

40. White sandstone 50 1,1 

41. Brown sandstone 90 1,! 

42. Sandy limestone with thin seams of ftlate - 40 2.m«o 

The bottom of the Coal Measures was probably reached about No. 
80 or 81, and all below those numbers may be referred to the lower 

Carboniferous, or to snl>ordinate strata. It is quite remarkable that 

a boring should be carried through so great a thickness of Coal 
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Measure strata without meeting more than one well defined seam 
of coal, and it seems quite probable that some of the beds reported 
as black slate may also represent the- horizon of thin beds of coal, 
the material being so mixed with the slate as to prevent identifica- 
tion. 

Since the publication of volume 6, of these Reports, a shaft has 
been sunk at Sandoval, reaching a thick bed of coal at the depth 
of L02 J feet. The following is a copy of the record of this shaft : 

Ft In. 

No. 1. Surface deposits, clay, firravel. etc 127 8 

No. 2. Shale and sandstone 78 

No. 3. Blue shale 16 

No. 4. Limestone (Shoal creek bedj 10 

No. 6. Black shale 3 6 

No. 6. Coal 2 

No. 7. Fire-clay 4 6 

No. 8. Sandstone and shale 67 6 

No. 9. Blackshale 2 

No. 10. Limestone 6 

No. 11. Fireclay 5 

No. 12. Sandstone and shale 109 

No. 13. Coal 1 2 

No. 14. Fire-clay 2 

No. 15. Bandy conglomerate 5 

No. 16. Sandstone and shale 88 8 

No. 17. Fireclay 2 

No. 18. Pebblyclay 4 

No. 19. Clay shale 11 

No.20. Biueslate 1 8 

No.21. Coai 10 

No. 22. Fireclay 10 

No.23. Nodular blue shale 10 6 

No.24. Gray limestone 2 8 

No. 25. Blue shale 2 

No.26. Gray limestone 2 6 

No.27. Blue shale 8 

No. 28. Dark shale 12 

No.29. Coal 6 6 

Total depth 609 

At Breese, twenty-two miles west of Sandoval, the coal was found 
at the depth of 397^ feet, but no detailed record of the beds passed 
through was kept. The coal ranges from seven to eight feet in 
thickness, and has a clay parting an inch or two thick, about two 
feet from the bottom. A bed of light gray limestone, ten feet in 
thickness, was passed through some twenty-five to thirty feet above 
the coal. The roof consists of bituminous shale, containing Discina 
niticla and the spines and dermal plates of fishes. The coal is con- 
siderably impregnated with the bi-sulphuret of iron, and is gener- 
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ally inferior in quality to that obtained from the Troy shaft, in 
Madison county. A bed of gray limestone, probably the Shoal creek 
rock, was found in this shaft immediately below the surface deposits, 
which were here only about 25 feet in thickness. 

At Trenton the shaft is 820 feet in depth to the top of the coal. 
No detailed record of this shaft was kept. The coal is five feet in 
thickness, and of excellent quality, and is said to bring from one 
to one and a half cents per bushel more in the St. Louis market 
than the CoUinsville and CaseyviUe coals. The roof shales contain 
Ijtaia tricarinata, which I regard as a characteristic fossil of coal 
No. 7. 

At Troy, in Madison county, the shaft is 815 feet in depth to the 
top of the coal. The seam here is 5^ feet thick, and in quality it 
is equal to that obtained from the Trenton shaft. The shale over 
the coal is similar to that at Trenton, and contains the same fossils. 

The Nashville shaft, in Washington county, is about 414 feet in 
depth to the top of the coal, and the following detailed record was 
made: 

Ft. In. 

No. 1. Surface clay aDd jfravel 38 

No. 2. Blueshale 4 6 

No. 3. Limestone 6 6 

No. 4. BlackBlate 4 

No. 6. Coal (ailddle slaty) 2 

No. 6. ClayBhale 6 

No. 7. Sandstone and sandy shale 56 

No. 8. Limestone 4 

No. 9. Blueshale 14 

No. 10. Pebbly limestone 2 

No.ll. Black slate 1 6 

No. 12. Fire-clay 4 

No. 13. Clay shale 8 

No. 14. Sandyshale and sandstone 47 

No. 16. Blue shale (bottom slaty) 26 

No. 16. Coal 1 2 

No. 17. Fire-clay 1 8 

No. 18. Lime conglomerate 4 6 

No. 19. Sandy shale 63 

No.20. Blue clay shale 42 6 

No.21. Blackshale 6 

No.22. Fire-clay 1 8 

No. 23. Blueshale 3 

No. 24. Fire-clay 4 6 

No. 25. Lime conslomorate 6 

No.26. Fire-clay 1 6 

No.27. Hard limestone 16 10 

No.28. Blackshale 3 8 

No. 29. Blue pebbly shale 3 

No. 30. Sandy shale andsandstone 14 

No. 31. Fire-clay 1 6 
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Ft. In. 

No. 32. Bhale 2 ti 

No.3S. Limestone.. : 4 2 

No. 34. Bhale 2 6 

No.35. Limestone 10 

No.36. Dark blue shale 7 6 

No. 37. Limestone 8 

No.38. Blackslate 2 8 

No. 39. Coal 7 6 

Total depth to bottom of coal 421 6 

No. 8 of this shaft is undoubtedly the Shoal creek limestone, and 

* 

the coal is here about 870 feet below it, which corresponds very 
nearly with its position in the Sandoval shaft, if the coal at these 
two points is identical, as is probably the case. 

A shaft has been sunk at Okawville by Shulze & Brother, and 
an irregular seam of very good coal was reached at a depth of about 
276 feet. This shaft commences below the horizon of the Shoal 
creek limestone, but as no detailed record of the beds passed through 
was made, no satisfactory conclusion could be formed as to the po- 
sition of this seam in relation to that found at Nashville and San- 
doval. It undoubtedly holds a higher position, and that seam may 
probably be found here by carrying the shaft down to the proper 
depth. If an accurate record of the strata passed through had been 
kept, some estimate of the additional depth required to reach a bet- 
ter seam might be given, but without it the question can only be 
settled by actual experiment. 

The following record of a boring near Winchester in Scott county, 
made by the Manchester Mining Co., under the direction of Mr. G. 
R. Darling, was furnished by Mr. John C. Andrus. Manchester is 
located near the western borders of the Illinois coal field, and hence 
only about 120 feet of Coal Measure strata were found, including the 
horizon of coals No. 1 and 2, neither of which were thick enough 
to be of any practical value for deep mining: 

Feet. 
No. 1. Soil, olay and (n'avel 59 

No. 2. Fire-clay? 7 

No. 3. Slaty coal, (local) 1 

No. 4. Clayshale 10 

No. 6. Sandstone 1 

No. 6. Coal 2 

No. 7. Hard sandstone 7 

No. 8. Clayshale 10 

No. 9, Limestone 2 

No.lO. Soapstone 10 

No. 11. Sandstone 1 

No.ia. Clayshale 13 
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Feet. 
No.lX Bhale and Blate IS 

No. 14. Hard saodstone, (baaeof Cool Meaaurea) 45 

No. 16. Shale 11 

No. 16. Hard silicioaa stone 4 

No. 17. Sandy shale 7 

No. !«. blate 10 

No. 19. Hard limestone 8 

No.». Shale 20 

No.21. Li mestone and shale 10 

No.22. Shale, very hard 31 

No.23. Salphuret of Iron 1 

No.24. Limestone and shale 2 

No. S. Limestone 6 

No.». Shale 1 

No. 27. Hard limestone 21 

Total depth 312 

All the beds below No. 14 of the foregoing section probably belong 
to the St. Louis and Keokuk divisions of the Lower Carboniferous 
series, and hence are below the horizon of any known coal. 

At Boodhouse, about four miles southwest of Manchester, a shaft 
was sunk for coal, and the lower seam was found to be 2 feet 4 
inches in thickness, with a good roof of black slate. The beds passed 
through, in sinking the shaft, were the following: 

Ft In. 

Boil, clay and (H'avel. (drift) 76 

Blue and ash-colored clay shale 15 

Black slate 1 foot to 1 3 

Coal 2 4 

Fire-clay and clay shale 18 

A boring made here, struck the St. Louis limestone at a depth of 
about fifty feet below the coal. The roof of the Boodhouse coal is a 
hard black shale or slate filled with nodules of sulphuret of iron, which 
makes a permanent and substantial roof. The under clay seems to 
be of a good quality, and similar to that so extensively used at 
Whitehall for fire-brick and pottery. In Scott county, and in the cent- 
ral and western portions of Greene and Jersey, the two lower coals, 
Nos. 1 and 2 of the general section, are the only ones likely to oc- 
cur ; but on the extreme eastern borders of the last named counties, 
coals 5 and 6 are to be found on Hodge's creek, near the Greene 
county line, and a mile and a half west of Brighton, near the eastern 
border of Jersey county. 

At Gillespie, in Macoupin county, a shaft has been sunk during 
the past year by B. L. Dorsey & Son, for the details of which I am 
indebted to Mr. Alexander Butters. Coal No. 5 was found here at 
the depth of about 365 feet, passing the following beds: 



COAL MEASUBES. 



No. 1. Soil and drift olay 84 

No. 3. Coarse llmsatone i 

No. S. Block shale 2 

No. 4. Coal.tNo.ll) * 

No. 5. Fire. clay I 

No. e Darkblue shale 3 

No. 7. Limestone 

No. 8. Light- blue shale SO 

No. 9. Coal. (No. 10) 

No. 10. Flre-clar 3 

No.ll. LUbt and dark shales 40 

No. 12. rire-olay ag 

No. 13. Bituminous shale 6 

No. 14. Limestone, {Carl In vine bed) -. 6 

No. 15. Dltu mi nous shale 1 

No. 16. Coal, (No. 9) 

No. 17. Flre-olBy 1 

No.18. Light- colored shales G8 

No. 19. Soft limestone g 

No. 39. Bituminous shale S 

No, 21, Ooal.(No.8) . 

No. 22. Bandr shale 40 

No. 21. Variegated ebalesvrtthstreslu of eoal 1 

No.21. Bandstone Inheav;beds, lutdshalo I 

No. 25. Hard llma?tono 

So. as. Coai,(No.a) 

No. 27. Flre-olar 

No.ffl. Clay shale 

No.aS. Limestone E 

No. 30. Black elate 2to 

No.SL Coal,(Mo.6) 

Bottom ot eoal 373 ( 

Several shafts have been sunk in Sangamon county since the pab- 
lication of the former volumes of the geological reports, but in moet 
cases no detailed record was kept. At Girard it was about SJO feet 
to coal No. 5. No details coald be obtained of the first 190 feet, 
except that a sis-inch seam nf coal was found at the depth of 1C4 
feet. The following is a record of the lower part of this shaft: 

Ft In. 

Drift clay, shales, elo., details not given ISO 

Coal, (No. 8) 

Bhaie. with iron bands at the base 

Fonsllilerous limestone 

Black shale 

Coal, (No. 7) 

Flre-olar 

Gray shale 

Fine black shale 

Coal, (No. «) 

Fire-ctay 

Impure limestone 

Hard gray sandstone 

Dark gray shale 2 
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Ft. In. 

Impure limestone 1 S 

Black shale 1 

Gray shale ' « W 

Dark blue shale fi 

FoBsUlferous limestone 2 

Dark ^ay sandstone 1 6 

Shale and limestone 6 3 

Fossiliferous limestone... 1 4 

Black slate 6 

Coal.(No.5) 7 

Total depth 348 

At Auburn coal No. 5 was reached at a depth of 268 feet. The 
coal ranges from six to seven feet in thickness, with a good roof of 
black slate and limestone. No details of the shaft could be 
obtained. 

In Menard county several shafts have been sunk since the publi- 
cation of the report on that county, among which are those at 
Sweetwater, Athens, Greenview and Tallula. The following record 
of the Sweetwater shaft was kindly furnished me by Mr. W. Parkin : 

Ft. In. 

No. I. Soil and brown clay 20 

No. 2. Hardpan 70 

No. 3. Sand 10 

No. 4. Clay 8 10 

No. 5. Black mucky soil (forost bed) 1 2 

No. 6. Clay with streak of smut six inches 9 6 

No. 7. Limestone 1 2 

No. 8. Clayshale 35 

No. 9. Limestone 1 3 

No. 10, Bituminous shale 3 

No. 11. Coal 5 6 

No. 12. Fireclay 6 

Total depth 166 5 

In this shaft they evidently struck the bed rock about the horizon 
of another coal seam, probably Nos. 6 or 7, as the lowest clay bed 
in the above section was reported to have a streak of black clay 
about three feet from the bottom six inches thick, which no doubt 
came from the decomposition of a black shale, or a thin seam of 
coal. 

The Greenview shaft is 97 feet to the top of the coal. The seam 
is about SIX feet thick with a roof of black shale. Bed rock was 
struck at the depth of forty feet. 

The Tallula shaft is 175 feet in depth. Coal five to six feet in 
thickness, with the usual black shale roof. The fire clay below the 
coal is reported to be 14 feet thick. 



COAL MEASURES. 15 

At Athens two shafts have been sunk. The first one was located 
in the creek bottom about three-quarters of a mile west of town, and is 
155 feet in depth to the top of the coal. This shaft was sunk in 
1869, and was worked mainly to supply the local demand for fuel. 
The new shaft is located near the railroad, and is 227 feet in depth. 
The coal averages about six feet in thickness, and has a good roof 
of black slate and limestone. Both are on the same seam, the dif- 
ference in the depth of the shafts resulting from the higher surface 
level, where the new shaft is located. I visited Athens for the pur- 
pose of obtaining the necessary detailed information to enable me 
to report in full upon this shaft, but found no record available, and 
I learned that if such a record had been kept, it was not in the 
possession of the present owners of the mine. 

The following report of a boring for coal at Virginia, in Cass 
county, was furnished by Mr. Joseph Wilson, who was employed 
by the parties interested to superintend the work: 

Ft In. 

No. 1. Soil and brown clay 7 

No. 2. Yellowolay 2 6 

No. 8. Blueclay 29 8 

No. 4. Hardpan 28 

No. 5. Forest bed (ancient soil) 3 

No. 6. Hardpan 44 10 

No. 7. Sandstone 71 11 

No. 8. Hard limestone 1 1 

No. 9. Blacksbale 2 6 

No 10. Clayshale 10 8 

No. 11. Coal No. 2.. 3 6 

No. 12. Fireclay 3 

No. 18. Blacksbale 3 

No. 14. Claysbale 7 6 

No. 16. Potter'sclay 13 

No. 16. Coal 2 

No. 17. Sandstone and sbale 6 1 

No. 18. Coal 3 

No. 10. Sandstone and sbale 6 9 

No. 20. Coal 8 

No. 21. Sandstone and sbale IC 4 

No. 23. Coal. 3 

No. 23. Sandstone 2 9 

No. 24. Coal 2 

No. 25. Sandstone and sbale 3 9 

No. 26. Claysbnle 4 

No. 27. Sandstone 7 5 

No. 28. Hard silicious rock 2 

No. 29. Claysbale 2 6 

No. 90. Hard silicious rock 8 6 

No. 81. Hard green sbale 2 10 

No.82. Llmeatoiie 9 i 

No.38. 8Mid«tO&« 1 8 
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Ft. In. 

3o M. Limestone 62 4 

%o S. IUfkd«tone 8 

Ji*j ». Orar lim«fttooe 1 

So. 37. Sandstone 2 

%o.m. Limeetone 2 S 

So. ». H«od«toiie 18 

So¥t. Drab eUy shale 6 6 

So. 41. 8aodysbale 5 S 

No. 42. Sbaly lime»tODe 4 1 

So. 43. Quaitzband 4 

So. 44. Shalr UmeeioDe 3 8 

So. 45. ClafAhale 6 

So. 45. Bhaly limentone 16 9 

So. 47. Yellow flint band « I 

So. 48. Clay shale 3 7 

So. 4f . Hard icray limestone 4 1 

So. 50. Shaly limestone 6 2 

So. 51. Shale with bryf^zoans 2 2 

So. 62. ShalT limestone 4 7 

449 6 

The coal from No. 8 of this boring appeared to be of excellent 
quality, and if the roof proves to be sufficiently firm, the seam can 
be worked to good advantage. Nos. 16 to 24 represent the horizon 
of coal No. 1, divided here into five thin seams of only a few inches 
in thickness, and too thin in the aggregate to be of any practical 
value. 

The base of the Goal Measures is probably the hard silicious rock 
No. 80, while Nos. 31 to 89 represent the St. Louis and Warsaw 
beds, and all below and including No. 40 belong to the Keokuk 
limestone. 

An unsuccessful attempt to obtain coal was made at Farmer City, 
by sinking a shaft to the depth of 163 feet without reaching bed- 
rock, and then boring to the depth of about 813 feet below the 
bottom of the shaft, making a total depth of 476 feet. For the 
details of this boring I am indebted to Mr. Sowdon, under whose 
supervision it was made. 

Ft. In. 

Shaft 163 

Blue clay 7 

Hardpan 18 

Clay shale 2 

Sandstone 4 5 

Clay shale 46 3 

Black shale 2 4 

Coal 1 6 

Fire clay 8 10 

Gray sandstone 3 10 

Clay shale 2 1 
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Ft In. 

Hard rock (llmeatono?) 8 1 

Black shale 2 « 

Clay shale 8 4 

Limestone C 4 

Sandstone 1 6 

Shale and slate 36 

Hard sandstone : 3 8 

Fire-clay 2 10 

Shale 45 10 

Soft sandstone 2 6 

Clay shale 03 

Coal 1 5 

Fire-clay 3 

Total depth 475 10 

I am of the opinion that the coal seam at the bottom of this 
boring is number six or seven of the general section, and if so, 
number five would be found from fifty to seventy-five feet below, 
and would probably be from four to six feet in thickness. 

A coal shaft has been sunk at Decatur to the depth of about 600 
feet, but I have not been able to obtain any reliable information in 
regard to it, further than a copy of the published record of the 
boring made previous to sinking the shaft. I visited the locality 
shortly after the shaft was completed, and found, by an examina- 
tion of the roof shales, that it was probably coal No. 5, and was 
told that it was about four and a half feet in thickness, although 
the published record of the boring gives but three fe,et six inches 
as the thickness of the coal. For the privilege of copying this 
record from a Decatur paper I am indebted to Mr. Stoddard, of 
Mattoon. That this boring is not quite reliable, is shown by the 
fact that it records a six foot one inch seam of coal at the depth 
of 413 feet, while the shaft was sunk to the depth of about 600 
feet to a seam but little more than two-thirds the thickness of the 
one reported above. The coal passed through at the depth of 418 
feet was probably coal No. 8 of the general section, which seldom 
exceeds two feet in thickness, and is often replaced entirely by bitu- 
minous shale. The following is a copy of the published record of 
this boring: 

Ft In. 
No. 1. Superficial deposits, consistina: of clay, sand, hard-pan, and two distinct 

forest beds 110 6 

No. 2. Arflrillacoous shale 62 6 

No. 3. Bituminous shale 3 

No. 4. Calcareous shale 14 

No. 5. Marly sandstone 1 

No. 6. Calcareous shale 32 

—2 




h 
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Ft. In. 

No. 7. Ar(cill;i'?<-*0UH siiinlHtono 5 

Nil. >«. It.-.l -halo 2 

N«», V. ArKiliii' 11H liiiii'stoiio H 

N'l. 1". Uriwii sliiili* 7 

No. 11. ArKillii''«'i>iis liini*>ton*' - 

N". 1-, C'lilrranrtHis flmlt.v 2 6 

No. i;{. r^sil iiiiil tliIl|l^l^ou^- t>ha.i.> vl 

N'l. 1 1. ('u!i*Jirfon«i shale 5 * 

N<j. \'t. Urowii *«halt* l! 

No. Hi. Artrillu'M'iius sjinii?.t«.in»» 41 8 

No. 17. <'..ul i; 

No. IS. Ar^ilhf.'* iius »>halo H <* 

No. r.'. Nniliilar liniiistoiH' *.* 

No. -J*'. ('lil'.Min'ous slialo t> 

No. 21. Art;illai.*i*ou!* sluih' 10 

No. 2± Hartl iiiui.>stono 1» 

^o. :!3. Areilhu'oous rthiili* - 6 

No. *J4. Bituniiiioiif^ s^liah* - 

No. 25. Artfillar«*ouK shall' I'i 

No. iW. llanl limestone — 7 G 

No. '17. ArKilhK'oous linoif-'tunu I 6 

No. iW. Dlai'k ami gray shale I 

No. •J'J. Ar»;illa('uoim shah- 3 S 

No. 1J««. ArKlllat'oous linir;s(4.»rie *J" «• 

No. :n. .\r*;Illa«:»'oiis shah* '.' 

No. 3*J. Ar^illafM'i^iis t«au'lstniio -7 6 

N<». iKJ. <\iI''art*oiis fchalc 2 

N«>. :il. Iiiriiriiiiioii«*shalu 1 6 

No. :ti. <'Mal »i 1 

No, :>',. Ar*«illai."eoii»< nodular shah' 15 

No. :J7. ArKilhi'-i'oiif? slaty nhah.^ It* 

No. :w. Hani tfray Iiriii:'^torit3 17 

So.'-ri. Sijft shah- 1 « 

No. -lo. liiniiiiifioiiH shah! 1 

No. 41. Arti\\Uv:r<m*i n]ui]i} 4 d 

No. 4-'. iJrowri shalo " ti 

No. i:*. ('al'Mipjous Khal« t» I* 

No. H. Ar«IIIarrf»us liinoston*' li 

No. ir>. ('ahrariroiis shiik* '^ -l 

No. Hi. l{«j«l varhjtfatjjfl shah* 

No. 47. Hray artfilhunioiis Hhalo 18 

No. 4K. liitumlnou'4 shalo 3 3 

No. 4I*. <ipay arel 11 acinous shale 1 3 

No. W». BItiiminoiiH .»*haht 1 6 

No. 51. (iray, <.ralearoous nhalc G 

No. 52. llitiiminonH shale 1 

No. 5:*. Coal and lime.stono 1 

No. .VI. HilnniinouH Hhalo (» 

No. 55. S«>ft liiiR-stone 1 

No. 5<;. ArKillai.'ifoiJK shalo 2 

No. 57. DituminoiiK slialo 7 

No. M. Coal 8 

No. 50. (iray shah' 9 

No. W. ArffillaceoiiH limestone G 9 

No. CI. Khah; « 

No. 62. LimuHtonv 2 10 



■mL^t .*y 
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Ft In. 

No. «3. Coal 6 

No. C4. Bluo and (pmy shales 14 5 

No. 65. Marly sandstone 1 6 

No. G6. Calcareous shale 5 

No. G7. Sandstone 15 

No, 68. Grayslato 5 9 

No. 69. Bituminous shale 2 3 

No. 70. Coal 8 6 

No. 71. Fire-clay 2 

Total depth 608 9 

No. 22 is probably the Carlinville limestone, and No. 85 the rep- 
resentative of No. 8 coal, and beyond this the strata cannot be 
positively identified with those occurring at other localities in the 
adjacent portions of the State. 

In the Niantic shaft, coal No. 5 was found at the depth of about 
850 feet. The seam was there five and a half feet in thickness, 
overlaid by three feet of black shale. The following record of the 
shaft was furnished by Mr. W. W. Conard, under whose superin- 
tendence the work was done: 

Ft In. 

No. 1. Soil and brown clay 11 

No. ± Sand and gravel 4 

No. 3. Gravelly hard-pan 25 

No. 4. Blue hard-pan 10 

No. 5. Soft clay 15 

No. 6. Gray hard-pan 10 

No. 7. Soft brown clay 7 

No. 8. Limestone 10 

No. 9. Blue flinty rock 2 

No. 10. Black slate 3 

No. 11. Fire-clay 6 

No! 12. Limestone 10 

No. 13. Blue and gray shale .. 7 

No. 14. Black shale 1 

No. 15. Coal No. 9 u 2 

No. 16. Fire-clay 1 

No. 17. Nodular limestone 5 

No. 18. Clay shale 5 

No. 19. Soft blue sandstone 16 

No. 20. Gray shale 42 

No. 2L Coal No. 8 1 3 

No. 22. Fire-clay 2 6 

No. 23. Sandstone 10 

No. 24. Gray shale 45 

No. 25. Hard flinty rock 10 

No. 26. Black shale 3 

No. 27. Fire-clay 9 

No. 28. Blue and red shales 15 

No. 29. Black slate 5 

No. 30. CoalNo.7 1 3 

No. 31. Fire-clay 4 6 
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Ft. Id 



No. 


I-* 


Nm. 


■ PN 1 


N«»- 


■'.4. 


N... 


:i\ 


No. 


:w. 


Np. 


:J7. 


No. 


:w. 


No. 


:9.K 


Nr». 


4". 


No. 


41. 



IJla.-k shall* 11 

r..jiINo.»; 2 

lila.k >.»ial»' 3 

Tijal ii"iMili " 

Fin'-i'lay 2 

Clray Hhalw 14 

H/inl blaok rook 'limostonoi 1 

blat'k Hlat*^ S 

Coal No. :i 5 



10 



Total «hfpth. 



.:c>4 



All the coal seams from /> to 1> are clearly represented in this 
shaft, anil are readily identified. It is to be rejjretted that such 
records are not kvpt of every sliaft sunk in the State, for they 
would he of i)ermanent value to the proprietors and operators alike, 
in settliuf? many questions that necessarily arise in coal mining 
operations, and would prove a source of scieiititic as well as eco- 
nomic information to all who desire to become acijuainted with 
the fuel n.'sources of the State. In visiting the various shafts that 
have ]>een sunk within the past three or four years, 1 have found 
that not mon; than one-third of the whole number have preserved 
any re<*ord whatever of the different beds passed through. 

Two very iiriportant experiments have been made during the past 
two year.-*, to determine whether the main coal seams could be 
found available over the central portion of the Illinois coal field, 
and both liave prove<l successful. The first one undertaken was the 
sbaft at Mattoon, which is probably the deepest one west of Pitts- 
burg. In this, coal No. 2 of the general section was found at the 
dei)th of al)out '.(HI ft;et. No. 5 was passed at a depth of nearly 
7iH) f(;et, but was found to be too thin to be of any practical value. 
For the following details of the Mattoon shaft I am indebted to 
Theo. Jonte, Ksrj., and Mr. Stoddard: 



MATTOOS HHAFT. 



No. 1 Hiirfif'? Holl 5 

No. 2 V*'llijw ''lay 8 

No 'i. iJliJO t^iaul 3 

No. 4. Ifar'l-i'aii :B 

No. ."i Hiitui mkI Kfavi-i 17 

No. <i. JMiK*. <rluy uikI f^ravcl :w 

No 7. Or'"Mi f.Uiy t-Unlt' 15 

No. K. JiirnfrHtoriM 1 

No. II. Chiy hhiilo 2^ 

No. IM. JJm'iHtono 2 

No. II. Coal No. 15 

No. 12. Fins-flay 4 



Ft. In. 
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Ft In. 
No. 13. Clay slmlo fa 

No. 14. Black shalo and coal (coal No. 14) 5 

No. 15. Red shalo 20 

No. 16. HandHtonoand llmo. ^ 108 

No. 17. Coal No. i:j 1 6 

No. 18. Fire-clay 3 6 

No. 19. Clay shale 6ti 

No. 20. CoalNo.12 8 

No. 21. Fire-clay 3 

No. 22. Sandstone « 

No. 23. Coal No. 11 7 

No. 24. Fire-clay and shale 11 

No. 25. Coal No. 10 o u 

No. 2G. Fire-clay 4 

No. 27. LimoRtono, upper partshaly ;r7 

No. 28. Coal No. 9 4 

No. 29. Sandy shale 79 

No. 'M. Clay shale -28 

No. .31. CoalNo.7 lft.6in.to 2 6 

No. 32. Dark clay sliale 2 6 

No. 33. Coal 2 

No. 34. Fireclay 3 

No. 35. Gray shale 12 

No. 3C. Limestone 15 

No. 37. Black slate 2 feet, coal 1 inch (coal No. H) 2 1 

No as. Clayshale. 36 

No. 39. CoalNo.5 1 1 

No. 40. Sandstone and Miale 72 

No. 41. CoalNo.3 11 

No. 42. Fireclay 2 5 

No. 43. Limestone 8 

No. 44. Bluoshale 2 

No. 45. Hard gray limestone 12 

No. 46. Sandyshale 58 

No. 47. Sandstone and ."Shale 46 

No. 48. Orayshale 19 

No. 49. CoalNo. 2 4 

Total depth 908 

No indications of coal No. 4 were noticed, and its place is about 
midway between coals 3 and 5, but with that exception the whole 
series from No. 2 to 15 come in in regular order, and are readily 
identified. The product from No. 2 in this shaft is a clean bright 
coal, apparently nearly free from iron pyrites, and, judging from 
its external appearance, sufficiently free from all deleterious sub- 
stances to be used in its raw state for smelting iron. A block of 
the roof shale of No. 5 was sent to my office by Mr. Jonte, and I 
found it tilled with Discina nitida, Lingulu mytiloides and CardiniaJ 
fragilis, which characterize this coal in all the shafts in this and 
the adjoining counties, and fix the horizon of that coal in this shaft 
beyond question. 
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Great cre<lit is flue to the 8tockboldi*rH in this niininp: enterprise, 
hZii to tljo j-itizens of M:ittoon generally, for their persevering efforts 
ir; nriiijincr this costly experiment to a suocessful termination. 

Th*: other important e\iK*riment alhuled to above, was made with 
th<; 'liamond drill at Pana, and was BueeeKsfiil in finding a coal 
seam about nevcn feet in thickncsB at the depth of a little over 100 
fe«t. For the following details of this boring I am indebted to J. 
W. Ketehell, Esq., of Pana. in whose office I was^ permitted to ex- 
amine the core of rock taken out with the drill as the work pro- 
trr^rssed : 

I'ANA ItOBIN'fi. 

Ft. In. 

No. I. H"il anil hrown '.'laf 11 

No. 2. HaHpan i 

No. 3 ]Slu«clay 2 

No. I Hanil and trrav<*l V2 

No. 5. Hani rod <rlHy 1« 

No 6. Forest b*^d » 6 

No. 7. Blueclii)' 57 

No. «. ForeBibed *J 6 

No. 9. Clajr 19 4 

No. 1«. LIm«?«tono 3 I 

No. 11. Claynhalo with limo nodiilort 2 10 

No. 12. riajr fthule— upp'T part r«d 8 3 

No. 13. blue and (Cray lim«.*Mone 16 10 

No. U. Dark clay Rhale 1 4 

No. l.'i. Gray limcBtone 12 6 

No. 16. Handy Hhale 2 10 

No. 17. Sandstone and Hhalo 43 6 

No. 18. Fine grained 8and«-tono IS 

No. 19. Bluish clay Hhale 14 !> 

No. 2<». CoalNo.l2 (i 

No. 21. Black and (H'ay shalo « 9 

No. a*. No core, probably fl re-clay 4 2 

No. 23. Bine and chocolate colort'd shale 41 9 

No. 24. Calcareous shale with fossils 9 

No. 25. CoalNo. n II 

No. 2<;. Pebbly fire-clay 4 r» 

No. 27. Greenish clay shale 10 f, 

No. 28. Sandy shale and sandstone 48 C 

No. 29. Clay.ihale 3 

No. 30. Darkfossiliferousshale— conl No. m :\ \o 

No. 31. Randyshale IC li 

No. 32. Blue clay shale 3 1 

No. 33. Fossiliferous shale 8 

No. 34. Gray limestone 9 8 

No. 36. Blue clay shale ^ 1 10 

No. 36. Black shale (No. 9 coal) 3 4 

No. 37. Nocore, probably flre-clay 2 

No. 38. Sandstone 3 8 

No. 39. Calcareous sandstone and shalo 22 2 

No. 40. Blue clay shale 28 8 

No. 41. Fossiliferous shale 10 
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Ft. In. 

Black flhnle * ^ 

Coal(lopal) 8 

Flra-claynndnodiilnrarg. Umesloa« :.... II 1 

Mottled dork Bandalonfi IS 

Striped Bandy shuloe M 8 

Clriyshale 2 3 

FoBsiliforoUH ahaJo " 6 

Coal No. B 1 I 

ahalfl and lUre-olny I 6 

Sandy shaleB and BBndatonc W i 

Coal No. 7 8 

Dark clay shiUe 16 

DarliHritillaceoiiBllmeatone 8 

BlluminouB Bhale 4 

No cote isoftCHlcaroouB BhulBVi 7 3 

Hard pyrititerous rook J 9 

Coal No. 8 2 8 

Hard clay shalo 3 

AriTillaceouB limestoDB 3 8 

Darkahale 5 2 

Dark gray limestone 12 

Black ehale 1 

Septarirt (nodulo) U 1» 

Black nbale 1 

Total depth 719 e 

Tbe surface deposits at Pana proved to be about 127 feet thick, 
and consequently tbey Btruck the bed-rock considerably below the 
horizon of coal No. 14, which outcrops on the creek two or three 
miles south of tbe city. No, 13 could not be identified in tbe bor- 
ing, and its place would be not far below No. 15 of the section. 
One interesting feature of the superficial deposits here was the 
presence of two distinct Forest beds, or ancient soils, one three and 
a half and tbe other two and a half feet thick, and separated by 
57 feet of blue clay. One or both of these ancient soils have been 
found over a large portion of the State, and they present a serious 
obstacle to tbe land ice or glacier theory of the origin of the Drift 
deposits. 

Another important boring with the diamond drill has been made 
by the Ellsworth Coal Company, two miles west of Danville. This 
boring shows the general development of all the coals in the lower 
Coal Measures from No. 7 to the bottom of the series. It com- 
mences just below tbe Danville coal, which is No. 7 of the general 
section, and ends in the sandstone at tbe base of the Coal Measures. 
These lower seams ba\'e their onteiop in Indiana, and this is tbe 
first attempt that has been made on the eastern border of the coal 
region in Illinois to ascertain wbeUier any of the lower seams could 
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)ie found in that portion of tbi* State of Bufticient thickness to be of 
practii'al vahie. 



DANVILLE noIlIN'ii. 



I 



4 

7. 

H. 



No 
Xo 
No 
No 
No 
No. 
No. 
No. 
No 
No 1« 
No II. 
No. 12. 
No. 13. 
No. 14. 
No. 15. 
No. IB. 
No. 17. 
No. IH. 
No. 19. 
No. 20. 
No. 21. 
No. 22. 
No. 23. 
No. £4. 



Ft. Id. 

r/oiilNo. 7 

Khal** 3 8 

CohI 'lowiT<l!vlHlon of Nr). 7r li 

lilii*!; anil KHiy ^*!Jttl^; 17 11 

iJlHck »hal<? 1 11 

CohI No. 6<(ira|Micn.'<'k) 2 It 

Flri;-t»Iftjr « 7 

Linif'stone ari'l Hhale 6 6 

Hanrly nhalos 16 6 

«ni>-Khalt» HS 1« 

Hlfick shalo 8 

Dark icray Hhalo 16 2 

HandHtonc and shalo 14 4 

Coal No. 4 I 6 

Shale 9 4 

r..alNo.3 8 

Gray shale 1 6 

Variolated shales, bottom black 23 

Coal No. 2 4 1 

Shale andlimefitone 3 

Coal— uppprdivlRlon of No. 1 9^ 

Blackfihale 3 

Coal— lower divlHion of No. 1 1 9 

Shale and sandstone 66 10 



Total 286 



This boring has demonstrated that coal No. 2 may be found in 
this portion of the State with a more than average thickness of foil 
feet, and the superior quality of the coal wnich it affords will stim- 
ulate those largely interested in coal mining operations to carry their 
shafts down to this horizon, even where the thicker seams above 
are well developed. The Ellsworth Coal Company are entitled to 
the credit of making the first effort to ascertain what could be found 
on the eastern borders of the Illinois coal field below the horizon of 
coal No. 6. 

On the western border of the coal field in nearly the same lati- 
tude, a shaft was recently sunk through the lower portion of the 
Coal Measures, but developing no coal that was more than thirty 
inches in thickness. For the following details of the shaft at Prairie 
City, in McDonough county, I am indebted to Mr. B. F. Worden, 
of that place: 

Ft. In. 

No. 1. Soil and drift clay 37 

No. 2. Black fissile rock 1 

No. 3. Cannel coal-No. 4? 8 

No. 4. Clayshalo 11 
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Ft In. 

No. 6. CoalNo.3 2 

No. 6. Fire-clay 2 6 

No. 7. Sandstone 13 6 

No. 8. Clayshaie 15 6 

No. 9. CoalNo.2 10 

No. 10. Clavshale 2 6 

No. 11. Hardrock 2 

No. 12. Clayshaie 19 

No. 13. Calcareous sandstone 13 

No. 14. Black shale 4 

No. 15. Coal(local) 4 

No. Ifi. Fire-clay 1 

No. 17. Sandstone 4 

No. 18. Clayshaie 13 6 

No. 19. Slate 8 

No. 20. CoalNo.l 1 5 

No, 21. Cannel coal 7 

No. 22. Mixture of coal and slate 1 

Total depth of shaft 154 4 

From this point a boring was made to the depth of 38 feet, pass- 
ing through the following strata: 

Ft. 

Clayshaie 22 

Sandstone 8 

Clay fihale 4 

Sandstone 4 

Gray limestone (Lower Carboniferous). 

The gray limestone at the bottom of this boring is probably the 
upper division of the Lower Carboniferous series, and no coal would 
be found by sinking to a greater depth. Nos. 19, 20 and 21 of the 
shaft probably represent coal No. 1, while No. 15 represents a local 
seam. No. 9 is coal No. 2, No. 6 is coal No. 8, and No. 8 of the 
shaft is either a local development or a representative of coal No. 4 

No. 18 is said to be an excellent quality of tile clay, and the shaft 
may be utilized in the production of this useful article for the man- 
ufacture of pottery and drain tile on a large scale. 

A. boring made at Milford, in Iroquois county, was carried to the 
bottom of the Coal Measures, reaching the Lower Carboniferous 
limestone at about 200 feet, and though two coal seams were passed 
through neither of them were thick enough to be of any practical 
value. The following beds were passed through in this boring: 

Ft. In. 

Clay, sand and gravel no 

Clayshaie 34 

CoaiNo.2..1 1 5* 

Flre-olay... 2 
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Ft. Id 

Clarehato w 

BandHtone 16 

ClaFBhiilo 2 

Co&lKo.l - 8 

FIreoiay l' 

Bftndstono 5 

Shale t 

BandfltoQO. 3 

Lower OarljonllerouHHmeston'! " B 

Total depth »"» 4 

The following record of a boring mndo at Clinrleston, in Co)c8 
county, was furnished by Mr. C. B. Hwan, under whose direction 
the work was donei 

Ft 

. Soil and SQiface clay 16 

. Hard-pan IS 

. Gray nhale ao 

. Fire-L'lay S 

. BhalB a> 

, LlmeMone 4 

. Shale 3 

. LfmoBtone 30 

. Oreenahale Z 

. Blaok shale S 

. Llmcatone 7 

, Black shale 5 

. Coai 2 

. Fire-clay M 

. Gray ehula -at 

. Black shale 10 

. Ffra-clay 3 

. Gray shale Ifi 

. Limestone 2 

. Black ehule 3 

. Limestone 15 

. LlKht shale 13 

. Blaok shale 44 

. Bed Bhale 10 

, Lltnestono 20 

. Clay shale ai; 

. Coal 4 

. Fire-clay 4 

. Limestone U 

. Clay Bhala »1 

. LImoitone and shale ii 

, Sandy Hhalo to 

, Blaok shale 5 

, Coal 5 

Total depth £23 
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I am not able to correlate this boring, either with the shaft at 
Mattoon or the diamond drill boring at Pana. I am satisfied that 
it is not deep enough to reach the horizon of coal No. 5, but it is 
possible that the lowest coal reported in the boring may be No. 7, 
and if this conclusion is correct, No. 5 would be found at from CO 
to 75 feet below. The limestones reported in this boring have no 
analogues any where else in the Coal Measures, either in the num- 
ber of the beds or their aggregate thickness. Nos. 0, 8 and 11 
constitute a calcareous mass 31 feet in thickness, with only about 
8 feet of intervening shales, and in my examinations of the outcrops 
on the Embarras river, in this and the adjoining county of Cum- 
berland, no such heavy beds of limestone were found. 

The **Fusulina'' limestone which outcrops in the vicinity of Green- 
up, and along the Embarras river at intervals nearly to the south 
line of Coles county, is nowhere more than five feet in thickness, 
and I found no calcareous shales of any considerable thickness 
associated with it that could be mistaken in the boring for lime- 
stone. This may be represented, however, by No. 6 of the boring, 
and the 20 foot limestone No. 8 may be the equivalent of the 
Quarry Creek limestone of Clark county, ^which is underlaid by a 
green shale there, and possibly agreeing with that reported under 
the limestone in this boring. Below this there are four other beds 
of limestone reported, varying in thickness from six to twenty feet, 
making an aggregate of some 80 or 90 feet. If this is a true record 
of the Coal Measure strata underlying Coles county, it shows a 
greater thickness of calcareous beds here than have been found else- 
where in the State. 

BOBING AT HtRYEL. 

Foot 

No. I. Surface soil and ciay 17 

No. 2. Sandy shale.... 8 

No. 3. Clayshale 56 

No. 4. Limestone 10 

No. 5. Clayshale 12 

No. 6. Liraestono 5 

No. 7. Green shale 30 

No. 8. Black shale 4 

No. 9. Sandy shale ---. 20 

No. 10. Clayshale ICO 

No. 11. Limestone 3 

No. 12. Clayshale JW 

No. 13. Black shale ^ 3 

No. 14. Clay shale 40 

No. 15. Limestone 2 

No. 16. Clay shale 10 

No. 17. Black shale 3 
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Feet. 

No. 18. Clay^halo 36 

No. 19. Limestone 7 

No. ao. Clay shale 26 

No. 21. Sandstone » 

No. 22. Clay Kliale k 

No. 23. Limofttono 1 

No. 24. Black slate 2 

No. 2r>. Clay shale 10 

No. 2i». Limestone 2 

No. 27. Clay shale 34 

No. 2«. Sandy shale 4 

No. 29. Liffht Cray sandy shale 85 

No. 3'). Sandy shale :W 

No. 31. Clay shale 2 

No. 31 Sandy shale and sandstone. lo9 

Total depth 775 

Harvel is about lifteen miles N.NE. of Litchfield, in Montgomery 
county, and on comparing the above boring with the shaft and 
boring at the latter locality, given on a subsequent page, it will be 
seen that there is no correspondence worthy of note between them. 
The thinning out and consequent disappearance of a coal seam in 
certain localities is not an unusual occurrence, but the entire 
absence of a half dozen seams where they might be expected to 
occur, is quite an extraordinary occurrence. 

For the following record of the escapement shaft at Dawson, in 
Sangamon county, sunk by the Wabash Coal Company, I am in- 
debted to Mr. Thomas P. Mowitt: 

Ft In. 

No. 1. Surface soil, clay and sand tiO 

No. 2. Clay shale, with bands of hard rock 105 

No. 3. Blueshale 3 

No. 4. Hard conglomerate I 

No. 5. Fire-clay 4 

No. 10. Red shale lo 

No. 11. Bastard slate 3 C 

No. 12. CoalNo.6 U 1 

No. 13. Fire-clay 2 

No. 14. Hard brown rock 3 

No. 15. Hard gray sandstone 30 

No. 16. Clay shale 12 

No. 17. Limestone (cap-rock) I 

No. 18. Blackslate 2 6 

No.. 19. CoalNo.5 5 

Total depth 249 1 

Dawson is u5 feet above the station at Eiverton, where the Eiver- 
ton coal shaft is located, and as the depth of the Dawson shaft was 
was not deep enough to allow for the average dip of the coal to the 
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eastward, I was inclined to believe before seeing the record of the 
DawBou shaft that the seam they were working was No. 6, and that 
No. 5 was to be found some thirty or forty feet below. But on 
consparing the record of tbe shaft at Dawson with that at Biverton, 
I am convinced tbey are both on the same seam, though the dip 
between these points is scarcely more than one foot to the mile, 
while from the western outcrop of No. 5 to Biverton it averages 
about seven feet. From Dawson to Niantic it averages nearly the 
same, while from Niantic to Decatur it increases to at least twelve 
or fourteen feet to tbe mile. 

Section of tbe Winona shaft at Winona, near the northeast cor- 
ner of Marshall county, furnished by Mr. E. L. Monser: 

Tt. In- 

1. Soil and yellow elar 10 

2. Blueclny M 

S Band ... 10 

1. Hnrdpon 34 

6. Bod clay 3 

6. Soft clay shala 3 

7. Hfttd limeBtona ... I G 

8. Brown shale 6 

9. Bandstone 7 

10. BluoBhale U 

11. Dart clay Bh ale t 

12. Llmeatono 13 

13. Gray elate 3 U 

14. BlackHlate 3 

15. Coal (poor) No. 10? 6 

IS. Grayslate 11 

17. Blueshftle a 

18. Llmegtoneltopliard) II 

19. Brown Bhale 8 

30. CIny shale U 

21. Hard saoda tone 2 

■a. Clayghalo 4 

3). Brown shale S 

34. BlueshaJe G 

a. HardllmeBtono 2 

36. Bluashale 1 

OT. Clay Bbale (i(ray) 17 

38. Blue shale G 

39. Brown Bbale 14 

30. Blue sandstone 30 

31. Gray elate 14 

33. Darit shale 38 

33. Coal No. 7? 3 4 

34. Fire-clay (top. good) 10 

3G. Sandy shale H 

36. Clay Bhale 18 

37. Black shale 3 

38. Dark shale... ...^ji^^hh^. 2 

39. Brown shale -^^^^^^H ^ 
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S'j. if). 

No 41. 

Xo 4J. 

No. ii 

So. 41 

Nm. 45. 

No. 4t;. 

Sit. 47. 

No. 4S. 

Xo. 4*1. 

Xtj. .'ill. 

X«>. ."il . 

No. W. 

No. 5:r 
Xo. r,i. 

No. ,V.. 
No. 50. 
No 57. 
No. 5S. 
No. 50. 
No. *V). 
No. t;i. 
No. «-J. 
No. ta. 
No »;i. 

No. <»5. 
No. iW. 
NO. 117. 
No. 08. 
No. 6l». 
No. 70. 
Xo. 71. 
No. 72. 
No. 7:^. 
Xo. 74. 
No. 75. 



Ft. In. 

Flint n»ok? 4 

Durk siati; 4 

Xniliilar Hre-i?ltt>' 2 1« 

iSriiWii shall* U 4 

Fip'-i'liiy 4 8 

Sandy .'xhiilo 3 ii 

S.>rt •■lay shale I 8 

Saii(l»t<>nt> 15 6 

<iray Hlat«* 5 8 

I >ark slate with iron hamls 1 « 

frray Hiato witli sulphur balls 21 <; 

lilai'k slate, with fossil sh«.*ll.-«. 4 

Gray shale, with shells uiiti piantfl 15 R 

iJiaekhlate 3 C 

](lu«M*lay shale 6 

Limestone in two bands, with .S inches shale 1 1 

Dark soai>stone 4 

Limestone I 

Dark elay shale 2 6 

Bla<.*k slate 5 

(.'<»al -upper 5 inches eannel. No. 4 I 2 

Fire-«*lay 6 

Limestone 1 

Dark clay shnle 2 li 

liliK.'iv slate 5 

CoalNo. :i 1 2 

Fin*-<'lay a 5 

limestone 2 

(May shale (light and dark» 22 2 

C'uai tpoor) 4 

Sand.^tone, with sulphur and 1 inch coal 4 fi 

Dark clay shalo 13 

Hard sulphur rock :i 6 

Blacki*lato 4 6 

Gray slate and shalo 11 8 

Coal No. 2 2 8 

Total depth .'.... 576 4 



Tlic coal at the bottom of this shaft is without doubt coal No. 2 of 
the general section, though it is not quite so thick here as it averages 
in LaSalle county. Quito possibly its average thickness will prove 
to be greater than the above figures may indicate. It is one of the 
most persistent seams in the State, and furnishes a better quality 
of coal usually than any of the others. Its freedom from sulphur 
is sometimes so complete that it can be used in the raw state for 
smelting iron. 

A boring made at Marissa, in St. Clair county, commenced under 
the Belleville coal, shows that there is no coal seam of any value 
below that in that part of St, Clair county. 
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Boring at Marissa, commencing at the bottom of the Belleville 
coal : 

Ft. In. 

No. 1. Fire-clay 7 11 

No. 2. Limestone or scptaria 2 10 

No. 3. Fire-clay 1 

No. 4. Septaria? o 11 

No. 6. Clay shale, with concretions of Iron ore 50 10 

No. 6. Blackshale 5 6 

No. 7. Clayshale 33 

No. 8. Blue slate, with nodules 18 3 

No. 9. Limestone 1 3 

No. 10. Blackslate 6 

No. 11. Coal . 1 3 

No. 12. Fire-clay and coal 2 7 

No. 13. Fire-clay 5 4 

No. 14. Coal 10 

No. 15. Fireclay 11 6 

No. 16. Variegated shale 1 6 

No. 17. Light sandy shale 8 9 

No. 18. Dark limestone 3 

No. 19. Light micaceous sandstone 15 6 

No. 20. White fine grained sandy shales 50 1 

Total depth 225 1 

Salt water commenced flowing in No. 17, and increased so as to 
stop further progress in No. '10. The lower coals are probably 
represented by Nos. 11 and 14, neither of which are of any practical 
value. The sandstone and sandy shale constituting the last 65 feet 
probably represent the sandstone usually found at the base of the 
Coal Measures. 

The following is a record of a boring for coal made at Lementon, 
in St. Clair county, on the line of the B. & S. I. E. R., for which 
I am indebted to Mr. E. C. Leonard: 

Ft. In. 

No. 1. Soil, clay and gravel 38 

No. 2. Carbonaceous clod coal No. 0? 1 

No. 3 Clayshale 11 

No. 4. Bed and yellow sand? 1 

No. 5. Clayshale 12 

No. 6. Hardrock 1 

No. 7. Clayshale 7 

No. 8. Blackslate 9 C 

No. 9. CoalNo.6 1 G 

No, 10. Fire-clay and shale 34 

No. 11. Hardrock 1 G 

No. 12. Blackslate 3 6 

No. 13. CoalNo.3 2 

No. 14. Fire-clay and olay shale 9 

No. 15. Brownshale 4 

No. 16. Hard blue shale 9 

No. 17. BluesUte l 
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Ft. 

So. I". SaiKlHtono 9 

No. 19. Ifrowii Khale 1 

No . il . S;ir.«lstoiie 1 

No Jl. roiii No.J 1 

T.tal •l*'iitli IM 



In. 



Althou>^h this Imring eomniences above the horizon of No. 5 coal, 
it was found to he too thin at this point to be of any practical 
value, while the two lower seams penetrated in the bore were also 
valueless. This barren area is not very extensive, as No. 5 out- 
crops on Silver creek, about four miles a little east of north from 
Lementon, with its normal thickness of live to six feet. Probably 
a boring two or three miles east of this point would result in find- 
ing this seam of coal with its average thickness, and at less than a 
hundred feet from the surface. 

The following is a record of a boring made at Chapin, on the 
county line between Scott and Cass counties: 

Ft. In 

No. 1. Soil atnl ilrift «'liiyH .M 

No. 2. ('lay nhalo fi 

No. X Suinlston*^ 2H 

No. 4. Brown shalo 14 6 

No. r>. Harnlt*tonf ' 14 6 

No. «. Dark nhalo « 

No. 7. Sulphur roi^k 9 

No. 8. Clay shalo 17 

No. y. Hulphurrock u 4 

No. 10. FoMsiliforourt liin«8tono 1 

No. 11. Hani black slate 3 

No. lU. Toal 2 

No. 14. Linu'stoiic I 

No. ir». (.'lay shalo :t 

No. HI. IJhn* limestone 4 9 

No. 17. Fire-clay 7 

No. IS. Sandstone 4 

No. 10. (iray shale 7 6 

No. 2i». Hard sandstone H 

No. 21. Sulphur rock and coal 2 2 

No. 22. Gray llme.stone 3 

No. 2:1 Coal and black shale 1 9 

No. 24. Gray limestone 2 6 

No. 2r». ('ontflomorate 1 9 

No. 2*». Gray liinostom^ 2 6 

Total d<?pth 1N6 



A shaft was sunk to the first coal, No. 12 of the record, but it 
proved to be an unproductive seam, and the experiment was soon 
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abandoned. It is probably the same as the Neeleyville coal, but it 
is only about half as thick here as it is at Neeleyville, two miles 
further west. 

A shaft was commenced by Mr. Loy, at Edgewood, in Effingham 
county, and when last reported on was down nearly to the base of 
the upper Goal Measures, and as it was commenced above coal No. 
16, the highest seam in the State of any practical value, the record 
is very interesting as showing the regular developments of these 
upper seams in the centre of the basin. For the following record I 
am indebted to Dr. G. W. Bassett, of Vandalia: 

EDGEWOOD SHAFT. 

Ft/ In. 

No. 1. Soil, clay, sand and firravel 69 6 

No. 2. Rotten sandstone 1 

No. 3. Yellow clay shale 3 

No. 4. Bed sandy shale 2 

No. 5. Gray shale 16 6 

No. 6. Gray limestone 3 

No. 7. CoalNo.16 5 

No. 8. Blue shale 3 

No. 9. Sandstone and sandy shale 13 

No. 10. Dark clay shale 20 

No. 11. Impure fire-clay 6 

No. 12. Hard calc. sandstone 3 

No. 13. Gray sandy shale 8 

No. 14. Clay shale, bottom dark 10 

No. 15. Coal smut 4 

No. 16. Pebbly limestone and ironstone 3 

No. 17. Dark sandy shale 30 

No. 18. Dark shale with limestone bands 11 3 

No. 19. Coal (semi-block) No. 15 10 

No. 20. Fire-clay, with nodules of limestone 3 

No. 21. Calcareous sand or limestone 8 

No. 22. Blue shale 30 

No. 23. Dark erray shale 30 

No. 24. Dark nnd fuwn-colored fossiliforous shales 40 

No. 25. Bituminous shale, with shells and crinoids 1 

No. 26. Coal, upper part cannel— No. 14 2 4 

No. 27. Dark gray fire-clay 3 

No. 28. Sandstone and sandy shale 18 

No. 29. Dark blue shale 6 

No. 30. Dark and fawn-colored shale 12 

No. 31. Coal (semi-block) No. 13 1 10 

No. 32. Fire-clay, with «i(7iitori'a. etc 1 

No. 33. Dark sandy shale 12 

No. 34. Dark and fawn-colored shales 27 

No. 36. Black bituminous limestone (fossiliferous) 3 

No. 36. CoalNo.l2 1 2 

No. 37. Fire-clay 2 

No. 38. Dark firray shale, with one inch coal 5 1 

No. 39. Fire-clay 1 6 

No. 40. Hardsandrook 3 

No. 41. Black Bandyahala 6 
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No. IS. 

SV. If: 

N*. r. 



No. SO. 
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I1ii~Ii<">il1-<'uhI Nu. 111. 












T'.tBl ilctpth 1 



TIliB shaft terniinntes apparently not vory far above the liorizoQ 
of the Slioal Cre«k limestone, vrhich lays about 38.5 feet above the 
coat in the shafts at Sandoval and Contralia, the nearest points 
where any of the lower coala have been opened, and it would have 
to be sunk about 400 feet further to rench a coal aeam of any prac- 
tical value tor deep mining. 



BUILDING 8T0SB. 

Many valuable quarries of building stone have been opened in this 
State shico the publication of the precediug volumes, but from the 
press of other duties, I was not able to give as much time to their 
examination as was necessary to enable me to report fully upon 
them. 

The location of the Southern Penitentiary at Chester has resulted 
in the development of a very important industry, in connection with 
the extensive beds of limestone and sandstone which had long been 
known to occur at that locality, but had remained comparatively 
useless for the Tvant of the labor and capital necessary for their full 
development. 

That division of the lower Carboniferous formation known as the 
"Chester Group" comprises several beds of limestone, sandstone and 
shale, and it is upon the lower part of this formation that the city 
of Chester and the Southern Penitentiary are situated. The follow- 
ing section will show the relative position and 'thickness of the 
rocks exposed on the Penitentiary grounds : 
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Ft: 

Masslvo brown sandstone, exposed 25 

Limestone and shale, partly exposed 60 

Green and blue argillaceous shales, mostly beneath a covered slope 70 

Massive ffray sandstone, with partins:? of sreen and blue shales, exposed 80 

The prison buildings and yard are located on the lower limestone 
of the foregoing section, which is probably more than a hundred 
feet in thickness, and extends below the low- water level of the river, 
and to the heigbt of sixty to eighty feet above low- water mark. The 
quarry in the prison yard has a perpendicular face of about forty 
feet of solid limestone in beds from one to four feet in thickness, 
and presents considerable variety of color and texture. Its prevail- 
ing color is a light gray, passing sometimes into buff, and again 
into a dark bluish-gray. The rock is sufl&ciently compact to receive 
a high polish, and some of the beds would make a handsome mar- 
ble. The upper part of the bed is semi-ooUtic in structure, while 
other portions are almost entirely made up of minute bryozoansy and 
the other low forms of organic life. 

These quarries afford material adapted to all the ordinary uses to 
which limestones are usually applied, and from the favorable loca- 
tion of this institution on the Lower Mississippi, with uninterrupted 
navigation at nearly all seasons to all southern points, and with 
transportation by railroad to the interior towns where building stone 
of good quality is always in demand, a ready market will be found 
for all the varieties of building stone which the prison quarries can 
supply. 

Dimension stone of almost any desirable size may be obtained 
here, and the foundation stone for the monument to be erected at 
Chester to the memory of Gov. Bond had just been completed, and 
was awaiting transportation to the cemetery at the time of my last 
visit to this locality. This was a single stone, 7^ by 7| feet square, 
and 80 inches thick, and estimated to weigh about 12 tons. 

The prison buildings are mainly constructed of a fine brown 
sandstone, obtained from the upper bed of the foregoing section. 
The quarries from which this rock was obtained are about half a 
mile north of the penitentiary, but on the lands belonging to the 
institution. The quarries present a perpendicular face of about 25 
feet of evenly-bedded brown sandstone, the beds varying in thick- 
ness from four inches to four feet or more. It breaks evenly across 
the lines of bedding, and blocks of any desirable size can be readily 
obtained. When freshly quarried the rock is soft, and can be 
easily dressed, but it hardens on exposure, and forms a handsome 
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and durable stone for massive buildings. The supply of both sand- 
stone and limestone is practically inexhaustible. 

At Evansville, on the Okaw river, a tine quarry of excellent lime- 
stone has been opened, and a large amount of rock for the abut- 
ments of a suspension bridge has been taken out. The quarries are 
located about half a mile back from the river, and a hundred feet 
or more above low-water mark. The rock is a massive light-gray 
semi-oolitic limestone, and is the highest bed outcropping in the 
vicinity of the town. 

The principal quarry shows a perpendicular face of about lu feet 
of massive grayish-drab colored limestone, that closely resembles 
some of the semi-oolitic beds of the St. Louis group. Some of the 
beds attain a thickness of four or live feet, and will furnish dimen- 
sion stone of any desirable size. 

No characteristic fossils were found in it, but it was underlaid by 
nearly a hundred feet of shales and thin-bedded limestones, filled 
with the characteristic fossils of the Chester group, leaving no 
doubt in regard to the formation to which it belongs. It may, per. 
haps, be the equivalent of the regularly-bedded portion of the upper 
limestone in the Chester bluffs. The surface over which it forms 
the bed rock is considerably broken by sink holes, similar to, but 
smaller than those which prevail where the St. Louis limestone is 
the underlying rock. Should a railroad be constructed through this 
part of Bandolph county, these quarries would become a source of 
profit to the owners, and would add an important item to the busi- 
ness of the road. 

Rockville Quarries. — Two miles and a half west of Seville, in Ful- 
ton county, extensive quarries have been opened since the report 
on that county was published, in a sandstone overlying No. 2, and 
outcropping in the bluffs of a small stream running into Spoon 
river. These quarries are owned by Robert F. Leeman, of Cincin- 
nati, who has erected machinery for manufacturing grindstones, 
whetstones, scythestones, and also for supplying dimension stone to 
the Wabash road and the towns on its route. The rock in the 
quarry shows a perpendicular face of about 20 feet, and furmshes 
dimension stone from two to three feet in thickness, and as large 
as can be conveniently handled. 

The best grindstone grit comes from near the middle of the bed^ 
and the stones manufactured here range from two to four feet or 
more in diameter. The rock has a sharp grit, and seems to xK>8se8B 
an even texture that makes the stones desirable for ordinary use. 
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These quarries employ about 83 men, and being located immediately 
upon the railroad, the product can be readily shipped to any point 
where a market can be found. 

The bottom of the quarry furnishes the best dimension stone, 
especially where it is required to withstand the action of frost and 
water. Its power of resistance is said to equal any sandstone yet 
found in the State. 

At Marietta siding, about a mile further west, another quarry has 
been opened, but little work except stripping has been done. It is 
located on the same sandstone as the Rockville quarries. 

COAL OIL. 

The Litchfield Goal Company made a boring in the bottom of 
their coal shaft in November, 1879, for the purpose of determining 
whether another coal scam thick enough to be profitably mined, 
could be found below the one they were then working, and at the 
depth of €82 feet below the surface, and 255 below the coal in their 
shaft, they found the first deposit of coal oil of any value that has 
been found in the State. It is a heavy lubricating oil, and was 
associated with salt water and gas, the latter in such quantity that 
it might be utilized for lighting the city. For the following record 
of the beds passed through at Litchfield to reach this oil deposit, I 
am indebted to the Secretary of the Litchfield Goal Company. 

Ft In. 

No. 1. Surface clay, ifravel, etc 75 6 

No. 2. Limestone 14 

No. 8. Black 8late and coal 3 6 

No. 4. Fireclay 4 

No. 5. Clay shale 8 

No. 6. Shelly limestone 5 

No. 7. Shale and Array slate 79 

No. 8. Hard, sillclous rock 3 6 

No. 9. Fire-clay 2 

No. 10. Shelly limestone 8 

No. 11. Brown silicious rock, very hard 6 

No. 12. Soft clay shale 3 6 

No. 13. Gray shale and sandstone 14 

No. 14. Brown sandy shale 19 

No. 16. Sandstone and shale 97 

No. 16. Grayshale 45 

No. 17. Darkshale 33 

No. 18. Blaokshale 7 

No. 19. Coal-No.5? 2 

No. 20. Hardflre-clay 16 

No. 21. Hard silicious rock 1 6 

No. 22. Coarse brown sandstone 9 
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Ft In. 
No. 23. BrowDAhalo 10 

No. 34. OniF Mute 14 

Nu. 25. Sliiie ami »haln 8 

No. 2i». Hhulo an«l Handstuiio 23 

No. 27. Sandntone 9 

No. 28. Coal(LltohneMBeain>-No. 2? 4 

No. 2U. Gray hlatu and sandy Khalc W 

No. 3U. Coal-rppor dIvlHlon of No. 1 2 6 

No. 31. Clay Hhalo andflre-olay 5 6 

No. 82. Coal— Ix)wer division of No. 1 2 4 

No. IS. Sandstone and Hhale 90 

Nt». 34. Urown sandy shale 10 

No. :tt. White saudftlono, with strong flow of hrlne and oil IS 

Total depth 095 7 

When I visited this locality in October, 1882, there were four wells 
in operation, producing about two barrels of crude oil per day each. 
The product is a heavy lubricating oil, worth considerably more in 
the^market than the common petroleum. It comes, apparently, from 
about the base of the Coal Measure Conglomerate, or possibly from 
one of the Upper Chester sandstones. 

Nothing definite is known as to the extent of the area over which 
this oil basin extends, as no boring has been made in the county 
deep enough to reach the oil-bearing strata, except in the immediate 
vicinity of Litchfield. The well commenced at Irving some months 
ago may throw some light on this question if carried to the depth 
of 1,000 feet, which I understand to be the requirement of the orig- 
inal contract. 

SALT WELLS. 

After the publication of the report on Perry county, a boring was 
made at St. Johns, for the purpose, mainly, of determining whether 
there was a coal seam of any practical value below the DuQuoin 
coal. At the depth of 970 feet a sandstone saturated with salt water 
was reached, that extended to the depth of 1,050 feet, the brine ris- 
ing to various heights from 150 to 250 feet below the surface. There 
are now six wells in operation here, with a flow of about 16 gallons 
per minute to each well. The present yield of merchantable salt at 
these works is stated at 8,500 barrels per annum, and the product 
is manufactured into the various grades of salt in common use. No 
record of the boring could be obtained, but two thin coals were re- 
ported as occurrring below the DuQuoin seam. 
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NOTES ON LA SALLE COUNTY. 

LaSalle is one of the most interesting counties in the State, not 
only from the variety and economic value of its mineral resources, 
but also from the peculiar geological phenomena that are presented 
within its borders. Situated on the northern confines of the great 
coal field of Illinois, its coal products find a ready market in the 
more northerly portions of this and the adjoining States of Wiscon- 
sin and Minnesota, where no productive coal beds have hitherto been 
found, and its favorable position in regard to the iron and zinc de- 
posits of the northwest makes this county an eligible location for 
the economical reduction of these metallic products. 

Among the economical resources of this county, bituminous coal 
ranks first in importance, and is found underlying nearly all that 
portion of the county lying south of the Illinois river, as well as a 
limited area north of that stream. Four coal seams, of sufficient 
thickness to be of practical value in the production of coal, outcrop 
within the limits of the county, and are the representatives of coals 
numbered 2, 4, 5 and 7 of the general section of the Goal Measures 
of this State. 

Their aggregate thickness is about sixteen feet, and their range 
from two to seven feet, and they will be described further on in in- 
dicating the localities where they are worked. 

An anticlinal axis crosses this county from northwest to southeast, 
having its center in the valley of the Illinois river, about three 
miles east of the city of LaSalle, where the Lower Magnesian lime- 
stone of Owen, the oldest rock in the State, is elevated above the 
surface to the height of about 80 feet. The Lower Carboniferous, 
Devonian and Upper Silurian formations are all absent in this por- 
tion of the State, so that the Coal Measures in LaSalle county 
overlie, unconformably, both the Trenton limestone and St. Peters 
sandstone of the Lower Silurian series. 

The exposure of the Lower Magnesian limestone is restricted to 
a limited area in the valley of the Illinois, its outcrop only extend- 
ing eastward from Split-rock [about two miles. It affords the best 
hydraulic limestone in the State, and the manufacture of hydraulic 
cement has been an important industry at Utica for many years. 

The St. Peters sandstone, which immediately overlays the Lower 
Magnesian limestone, forms the main portion of the river bluffs from 
near Utica to a point two or three miles east of Ottawa, and on Fox 
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river from its mouth to the vicinity of Indian Creek, a distance of 
about ten miles. This sandstone will furnish an inexhaustible sup- 
ply of the best glass sand to be found in the Mississiypi Valley, and 
in its economical importance it is second only to the Goal Measures 
in the value of its products. It is found at only two points in the 
State outside of LaSalle county, viz : at Grand de Tour, in Lee, and 
at Cap au Ores in Calhoun, counties. Its maximum thickness is 
probably about 225 feet in the southern part of this county, but it 
thins out to the northward, so that in the northern portion it does 
not much exceed 150 feet. Its extensive outcrops in the bluffs of 
the Illinois river make its economical products easily accessible to 
both railroad and water transportation, and the abundance of coal 
to be obtained in close proximity to this sandstone indicates that 
this is one of the most favorable points in the State, or in the United 
States, for the manufacture of all kinds of glassware, and several 
extensive factories of this kind have already been established in this 
county. 

The Trenton limestone, which is the next formation above the 
St. Peter^s sandstone, has been so much eroded where it appears in 
natural outcrops in this county, that no accurate estimate of its 
original thickness could be made from an examination of its sur- 
face exposures, but in boring at Streator for artesian water, its thick- 
ness was found to be a little over 203 feet, which is not more than 
half its average thickness in other portions of the State, where it 
has not been subjected to erosion. The outcrops only show the 
presence of from 25 to 75 feet of the lower part of the formation, 
the remainder, with the overlying Upper Silurian strata which were 
probably deposited over this portion of the State, have been removed 
by the long-continued eroding agencies which immediately preceded 
the Upper Carboniferous era. 

The Trenton limestone affords some good building stone, and some 
of the layers take a good polish, and make a handsome marble. 
Usually it has too large a per ceut. of alumina and magnesia to 
make a good material for the lime-kiln. 

Clays suital)le for brick, pottery and drain tile are abundant, and 
some of the fire-clays of the lower Coal Measures seem to be adapted 
to the manufacture of fire-brick. 

Coal is by far the most important and valuable mineral product 
of LaSalle county, and its favorable position on the extreme north- 
em border of the productive coal field enhances the value of this 
product, both for consumption in manufacturing establishments at 
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home, and for export to the north, where no coal is to be found 
either in this or adjacent States. 

The local examinations made during the past year were mainly 
confined to the southern half of the county, and were especiaUy di- 
rected to the determination of the number, thickness and relative 
value of the coal seams to be found within its borders. 

The axis of disturbance which has already been mentioned as 
crossing the county from northwest to southeast, follows the course 
of the Vermilion river from its mouth to the Livingston county line, 
and probably beyond, and has produced a marked irregularity in the 
distribution of the productive coal seams, and rendered their deter- 
mination somewhat more difficult than would be the case if the beds 
had remained in their normal position. 

North of the Illinois river, and east of this axis, no productive 
mines have been opened, except on the outcrop of the lower seam, 
where it has been Yi^orked to a limited extent for a local supply, nor 
is it probable that any extensive coal mines will ever be opened in 
that part of the county, although there is a considerable area there 
that is underlaid by thin outliers of the lower Goal Measures. 

South of the Illinois, and east of the Vermilion, there is quite an 
extensive area underlaid in part by three productive coal seams, 
though, so far as I was able to determine, not more than two of 
these could be found at the same locality. At Lowell the Vermilion 
river flows over massive beds of Trenton limestone, and this forms 
the lower portion of the river bluffs, extending on the west side to 
the height of twenty feet or more above the river. The limestone 
is here directly overlaid by the Coal Measures fifty feet or more in 
thickness, showing the following section: 

Feet 
No. 1. Sandstone partially exposed 8 to 10 

No. 2. Shale, with bands of Septaria 10 to 12 

No.3. Black sheetF shale 2to 3 

No. 4. Glayshale 6to 8 

No.6. CoalNo.4 3 

No. 6. Green and purple shales 8tol0 

No. 7. Trenton Limestone I[)to20 

The sandstone at the top of the foregoing section was only ex- 
posed in the top of the bluff about half a mile below the bridge at 
Lowell, and is probably the same sandstone which underlies the 
Streator coal at points further up the river. A band of limestone 
occurs somewhere in the bluff at this point, composed mainly of 
crinoidal stems about half an inch in diameter, a specimen of which 
was found here by the Hon. Elmer Baldwin. I did not find it in 
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place, but it probably belongs somewhere in No. 2 of the foregoing 
section. It was only ^oine three or four inches in thickness. No. 3 
of the section I am inclined to regard as the representative of coal 
No. 5y and a thin coal occnrs with it at some other points on the 
northeastern borders of the coal iield. This would make the coal 
below it the representative of coal No. 4 of the general section, and 
further evidence in favor of this conclusion will be given further on. 
The quality of the coal obtained in the vicinity of Lowell is inferior 
to that obtained from the Streator seam, and also much inferior to 
that afforded by the lower seam in the shafts at Peru and LaSalle, 
which of itself is an indication that the Lowell coal is not identical 
with that. 

On Sec. 24, T. 32, R. 2, the section observed was similar to that 
at Lowell, with the exception of the Trenton limestone, which is 
here at least 80 or 40 feet below the river level, the intervening 
space being occupied by the lower beds of the Coal Measures, which 
apparently thin out in a northerly direction before reaching that 
point. The section here is as follows: 

Feet. 

No.l. Santlfttono 10 to 12 

No.2. 8»iJil« 6 to 12 

No.3. Black slati» 2 

No. 4. Sh(iI(Min'l ftrcillnceoiis llrarstonc 4 

No. 5. BIjU'k Hlat«». Willi rook bands 6 

No. 6. Clay Mwiles 15 to 20 

No. 7. Covered space 4 to 6 

No. 8. Coal in rivor bed 1^ to 2 

Forty-seven feet below the base of the foregoing sectiim another 
seam of coal, 30 inches thick, was found by boring at this point, 
which I have no doubt is coal No. 2 of the general section, and the 
lowest seam in the shafts at LaSalle and Peru. 

At Patterson's shaft, on Sec. 31, T. 32, K. 3, this lower seam is 
worked, and it affords a clean, hard, bright coal, about 3 feet thick, 
overlaid by a dove-colored clay shale, quite unlike any beds out- 
cropping on the Vermilion, either above or below this point. Coal 
No. 4 appears to have thinned out toward the south before reaching 
this point, while No. 2 and the accompanying strata thin out in the 
opposite direction, so that tliere is no representative of the coal or 
the shale above it in the vicinity of Lowell. 

At Kirkpatrick's ford, on the Vermilion, w^e met with the first out- 
crop of the Streator coal, in ascending that stream. The section at 
this point is as follows: 
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Feet. 

No. 1. Bituminous shale 10 

No.2. Goal (Streator&eam) 8to 9 

No.3. Shale and flre-olay 10 

No. 4. Blaclc shale 4 

No. 5. Sandstone and sandy shale 16 to 20 

The coal in Patterson's shaft is about 80 or 90 feet below the 
Streator seam, and the space between the sandstone at the base of 
the foregoing section and coal No. 2 is mainly occupied by argilla- 
ceous and bituminous shales, with one or more bands of hard, im- 
pure limestone. No record of the Patterson shaft was kept, and no 
exposure was found where a detailed section from coal No. 2 to the 
sandstone under the Streator coal could be made. 

As coals No. 2 and 4 are nowhere exposed at the same point on 
the Vermilion, a superficial examination might lead to the conclu- 
sion that they were not distinct seams, but the difference in the 
quality of the coal they afford, and in the character of the roof 
shales, and moreover the presence of both seams on Sec. 24, T. 82, 
B. 2, where a boring was made to demonstrate the presence of the 
lower seam, leaves no room to doubt the separate position which 
they occupy. Hence we are justified in the conclusion that there 
are three coals outcropping on the Vermilion, aU of which are 
worked at the present time; No. 2 in the shaft at Patterson's, No. 
4 in the vicinity of Lowell, and No. 7 at Kirkpatrick's ford, and in 
the vicinity of Streator. 

Some diversity of opinion has existed with those who have given 
special attention to the geology of this county, in regard to the 
position which the Streator coal occupies in the general section of 
the coal strata of this State, but from a careful examination of all 
the outcrops of the seam from Kirkpatrick's ford, to the last point 
where it appears above the river level above Streator, I am fully 
satisfied that it is the exact equivalent of coal No. 7 of the general 
section. The coal which it affords is perhaps rather better in qual- 
ity than that hitherto obtained from the upper seam in the shafts 
about Peru and LaSalle, but it has been generally neglected in all 
the shafts where Nos. 2 and 5 are found, and therefore its 
average quality at those points has not been fairly determined. 
It ranges in thickness from 5 to 8 feet, with an average of about 
6 feet, and it probably affords as much coal at the present time as 
No. 5, which is the next in average thickness, and the one most 
extensively mined in the central part of the county. 
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In the vicinity of Brock's ford, two miles south of Streator, a 
limestone occurs near the top of the bhiff, that closely resembles 
the limestone south of Petersburg, in Menard county, which there 
lies some 25 to S^) feet aI>ovc coal No. 7, and it contains a similar 
^roup of fossils. In addition to this, the shales below the Streator 
coal contain ironstone concretions, completely filled with the little 
crustacean figured, and described in a preceding volume under the 
name of Leaia trirar'mata, which is regarded as a characteristic fossil 
of the shales under coal No. 7, from whence it has been obtained 
at several localities in the State. The following section shows the 
strata to l>e seen in the bluffs of the Vermilion, between Brock's 
ford and Streator. 

FeeL In. 

No. ]. Lijfht trray compaot linje»ton«» 4 

No. 2. Hlue sandy fltialorf ami soft sandstone, with eonorctions of sandy Iron oro 35 

No. .1. Bituminous shalo Oto 2 

No. 4. Coal No. T 5 to 7 

No. 5. Shalo wit li dlsooldal oon<Tt?t ions uf Iron oro fito 8 

No.«. Fire-Hay -Jto 2 6 

No. 7. Hard i*on Totionary sandstone 12 to 15 

No. H. Hhaly sandstone, extendi nif below the river level, exposed 20 to 25 

The limestone at the top of the section contains several species 
of small Brachiopofh, the most common being Athyrh suhtilita^ 
Spirifvr lincatus, Terehratula horitleuSf and a small XaticopsiSf or 
Trachydomia, which were mostly in the form of casts, the pustulose 
shell being removed. 

The hard sandstone, No. 7 of the section, will make a durable 
stone for rough walls where strength is the main requisite. 

Between Streator and the mouth of Prairie creek, the sandstone 
under the Streator coal rises so as to form with the sandy shales 
below, a perpendicular cliff about forty feet in height. Over this 
sandstone ridge the coal has been carried away by the denuding 
agencies of the Drift period, but a short distance away from the 
river it comes in again immediately below the drift. Near the 
mouth of the creek the sandstone becomes thinner, and the coal 
appears above it and slopes rapidly down to the river level. 

Several borings have been made in the vicinity of Streator, to the 
horizon of coal No. 2, but I was unable to obtain any reliable 
record of the strata passed through. I was informed, however, that 
the distance between the two seams was about 80 feet. The quality 
of the coal afforded by No. 2 is generally superior to that of any 
of the higher seams, but it seldom exceeds a thickness of 8 or 4 
feet, and lying deeper below the surface, and consequently requir- 
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ing a larger investment of capital to reach it, it has generally been 
neglected where the upper seams were developed. In McDonough 
county, where its average thickness scarcely exceeds two feet, it 
has furnished the main supply of coal for the city of Quincy, in- 
cluding the river trade at that point for the past twenty-five years, 
and will no doubt continue to do so for at least another decade. 

The aggregate thickness of the Goal Measures on the east side of 
the axis, heretofore mentioned, probably does not much exceed 200 
feet, and the distance between coals No. 2 and 7 is about 80 feet, 
while on the west side the distance between these coals is about 
200 feet, and the entire thickness of the Goal Measures may be es- 
timated at over 600 feet. This variation in the thickness of this 
formation is probably in part due to the rapid thinning out of the 
beds towards the eastern border of the coal field, and in part to 
erosion which has carried away on the eastern side nearly all the 
strata above the horizon of No. 7 coal. 

The details of the following section of the Union Coal company's 
shaft, at LaSalle, was furnished by Mr. Chas. J. Devlin, the acting 
Secretary of the company. This shaft is located in the south part 
of the city, and commences below the main limestones that outcrop 
along the river bluffs from LaSalle to Peru. 

Ft In. 

No. 1. Clayshale U 

No. 2. Brownshale 11 

No. 3. Coal 1 

No. 4. Brownshale 20 

No. 6. Hard limestone 3 

No. 6. Shale 10 

No. 7. Rook 1 

No. 8. Shale 12 

No. 9. Fire-clay 6 

No. 10. Rock 8 

No. 11. Fire-clay 12 

No. 12. Pebbly clay 4 6 

No. 13. Clayshale 10 6 

No. 14. Blackslato 10 

No. 15. Clayshale orflro-clay 16 

No. 16. Coal, No.7(?) 4 

No. 17. Fire-clay and clay shale 24 

No. 18. Sandstone 2 

No. 19. Blackshale 13 

No. 20. Coal.No.5 5 

No. 21. Clayshale 60 

No. 22. Limestone 5 

No. 23. Shale, with some limestone 71 

No. 24. Dove oolored shale 12 

No. 26. Coal, No. a 4 

Total depth 380 
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I refer No. 10 in this Bliaft to the horizon of coal No. 7, mainly 
from its stratif^raphieul position, but it is not impossible that it 
may represent No. (> instead. No fosHels w^re found in connection 
with it. at the only outcrop of the seam I was enabled to examine, 
and hence its stratif;ra])hical position is the only evidence that was 
available for its identification. The outcrop of this coal was found 
in a deep ravine, just below the uplift at Split Itock, where an 
openint^ had bven made to procure the potter*s clay, which forms a 
heavy lied immediately below the coal. 

Two miles and a half north of La Salle, one of the deepest shafts 
in the county has lieen sunk by the Caledonia Coal Company, and 
the followiii^r details of it were kindly furnished by the pit boss, Mr. 
John P. Dincan: 

Ft. In. 

N«i. 1. Drift t'lay iui"l j:riivi>I 13 

No. 2. (in^Mi and piirtil«> shal«'>. with thin baipls of impiiro llmestom' and a 

thin C"»al soain 60 

No. 3. Liint'st(>n<\ in two IhmIs 27 

No. 4. Iiiu«». jrreon an-l cray .sljah'j* 215 

No. 5. Bla^'k slatH ^ 8 

No. fi. Coal No.Tf?' 4 

No. 7. Fin- and pfHturs I'lay 16 

No. 8. I'iay Hhalo 14 

No. 1*. Coal No. r. 3 6 

No. 10. Fin'-..-lay ". 5 

No. 11. Sanilstono 5 

No. 12. Clay ^hai« 54 

No. i:{. IJrown shalo 90 

No. 14. lila«»li slato 2 

No. Vk 8andst<»ne 14 

No. 16. Ulaik slat«» 2 

No. 17. Clayshale 14 

No. 18. Coal No. 2 3 10 

Total di.M»th 550 4 

The lower seam is the one worked at the present time, in this 
shaft, and it is said to l)e underlaid here by a bed of excellent fire 
clay, from 12 to 14 feet in thickness. The coal which it affords is 
superior in quality to that from either of the upper seams. 

The beds above the main limestones. No. t^ of the Caledonia 
shaft, were found well exposed, in the big cut on the Illinois Cen- 
tral railroad north of the zinc works, and the following is a detailed 
section of them as they appeared there : 

Feet. 
No. 1. (in'«*n and ash-(;ray i*iay .'*hah<H 4 

No. 2. Nodular ••al(?an*ouh Hhal«^ 3 

No. 3. (JnMMiish I'lay nhnUi 12 to 15 

No. 4. Impiin'! cljociolati'-^'oionHl limi'Htone 2 

No. 6. iCnd and j;rnnn shale.** 10 

No. *j. Greou, Mlialy clay 8 



LA SALLE COUNTY. 47 

Feet. 

No. 7. Nodular shale, or shaly limeBtone 6 

No. 8. Upper main limestone lii 

No. 9. Oreen shale 2 

No. 10. Lower limestone 10 to 12 

These are the highest Coal Measure strata outcropping in the 
county, and they have been referred by some observers to the 
Permian age, but I was unable to find any satisfactory evidence of 
unconformability between them and the limestone No. S, on which 
they rest, and the fossils, so far as they have been determined, are 
of well-known Coal Measure forms. 

The most common fossils in the calcareous shales and impure 
limestones of this horizon were the following species : Orthis Pecosii, 
Clionetes Flemingif Product iis La Sallensu, HemiproniUs crassa, Athy- 
ris subtilita, all of which are characteristic Coal Measure forms. 
On the south side of the Illinois, these beds make their appearance 
in the cut of the Illinois Central railroad from the river bluflF to a 
point half a mile or more beyond Oglesby, where the railroad grade 
finally ascends* entirely above them and onto the overlying drift 
deposits. 

The beds immediately below the main limestones are well ex- 
posed in the bluffs between La Salle and Peru, and there is a de- 
cided increase in the thickness of the shales as we recede from the 
axis of disturbance, already mentioned on a preceding page. On the 
Little Vermilion where it intersects the bluffs of the Illinois, the 
main limestones are separated by only about two feet of greenish- 
•colored shales, but in descending the river bluffs toward Peru, the 
shale increases to a thickness of 8 or 10 feet. The following sec- 
tion was made along the river bluff in the vicinity of Peru : 

Ft. In. 

No. 1. Upper limestone 10 to 12 

No. 2. Green and purple shales 6to 8 

No. 3. Lower division of main limestone 6to 8 

No. 4. Bituminous shale 1 6 

No. 6. Gray, brown and iirreen shales 8 

No. 6. Impure ooal 6 

No. 7. Gray and green shales 12tol5 

No. 8. Nodular limestone 4 to 5 

No. 9. Green nodular shale 12to15 

No. 10. Hard gray limes>tono 2 to 3 

No. 11. Green .shale (exposed) 2 

No. 12. Unexposed to river level 15 to 20 

No. 1 of this section is the main quarry rock used as a building 
fitone in LaSalle and Peru. It is a compact gray limestone, con- 
siderably stained with the oxide of iron, and resembles the limestone 
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on Sugar Creek, in Sangamon county, used in the construction of 
the Oltl State House at Springfield. 

The most characteristic foHHils of this limestone are Productus 
NihruHfrnHig, I\ Praitrnlanns, P. pufutntun, Spirifer cameratui, AthyrU 
suhtUifn. Pinna prr-difita, crinoidal joints, and, rarely, the body of a 
Enparhiirrlnus or PoUr'uH'rinus. A few fish teeth and spines have 
also I'eiii obtained from this limestone. 

The lower division of the limestone No. 3 of the foregoing section, 
which may he regajded as a distinct bed, is quite argillaceous and 
of hut little value as a building stone. It is unevenly bedded, and 
the layers are separated by shaly partings, that are, at some points, 
completely filled with fossil shells. The fossils of this limestone are 
Athyr'is suhtilita, Tervhratula hovidmn, Spirifer eamcratus, S. lineatus^ 
ProfluctHB lottginpitfUH, Spiri/erina Kentuckruiiiii, Platyostoma Peoriense, 
numerous corals not yet determined, and casts of PUurotomaria, 
Bellerophon and XautiluH of several species. 

I have been inclined to regard this limestone as the equivalent of 
that at Carlinville, which it i-esembles, both in its lithological char- 
acters and in the specific character of its embedded fossils. If so, 
it rex)i'eBonts the horizon of No. i> coal, and is the dividing line be- 
tween the upper and lower Coal Measures. It is rather more argil- 
laceous here than in Macoupin county, but otherwise it bears a close 
resemblance to that rock, and its position is about where that lime- 
stone, if present here, should be found. 

On the south side of the Illinois river there are two or three coal 
shafts in operation, only one of which had any record of the beds 
passed through. The Oglesby shaft furnished me the following 
section : 

Ft. In. 

No, 1. Drift (jlay and Knivel 30 

No. U. Lim«'stoiu», In two beds 28 

No. 3. Shale 7 6 

No. 4. Coal 2 

No. 6. Shalo 7 6 

No. 6. Hard red rock 4 6 

No. 7. Shalo 8 7 

No. H. Sanpsttmc 4 11 

No. 9. lU'dHha!*' 13 11 

No. lu. Grayslialo 9 2 

No. 11. LinxiHtonu 3 6 

No. 12. Shahi 19 6 

No. 13. Hardro«;k 2 6 

No. 14. Hhaln S9 

No. If). Hamlstoiii) 14 6 

No. 1«. Shaln 50 

No. 17. UhK'.k HlaU; 18 7 

No. 18. Coal-No.7? 8 6 
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Ft. In. 
No. 19. Fire-clay and shale 60 

No. 20. Coal-No. 5 6 

No. 21. Fire-clay 3 9 

No. 22. Sandstone 6 4 

No. 23. Dark red fihalo 2 6 

No. 24. Sandstone and sandy shale 42 11 

No. 25. Shale 71 

No. 26. Gray clay shale 18 6 

No. 27. CoalNo.2 3 6 

Totaidepth 464 10 

Both the lower seams are worked in this shaft, and they furnish 
all the coal mined in the vicinity of LaSalle or Peru at the present 
time, but it is quite probable that when a careful examination of the 
upper seam is made, it will be found to afford, at some points, a 
fair quality of coal. It is unquestionably the representative of either 
No. 6 or 7 of the general section, and both of them are extensively 
mined in other portions of the State. 

Whether the Streator coal, and the upper seam in the shafts at 
LaSalle and vicinity, are identical, is a point I have been unable to 
decide with certainty, as no fossils were found associated with the 
latter at the only localiiy where its outcrop could be seen, and the 
associated strata afford no satisfactory evidence on this point. 

The character of the deep-lying formations beneath the southern 
part of LaSalle county was fully determined by the artesian boring 
at Streator, and I am indebted to Dr. E. Evans for the following 
record of this well : 

Ft. 
No. 1. Drift-clay, sand and tfravel 30 

No. 2. Coal Measures 211 

No. 3. Trenton limestone 203 

No. 4. St. Peters sandstone 225 

No. 5. White limastone 90 

No. 6. White sandstone.. 133 

No. 7. White limestone 211 

No. 8. White sandstone 37 

No. 9. Dark gray limestone 60 

No. 10. Fine reddish sandstones 16 

No. 11. Dark gray limestone 13 

No. 12. White and brown sand 1 

No. 13. Gray limestone 18 

No. 14. White and brown sandstone 168 

No. 15. Blue shale 100 

No. 16. Dark limestone 73 

No. 17. Variegated Randstone 187 

No. 18. Soft limestone 60 

No, 19. Variegated seales '. 168 

No. 20. Dark red sandstone 80 

No. 21. Blue shale 60 

No. 22. Bluish, drab and buff limestone 383 

Totaidepth 2,496 
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No8. 5, r», 7 and 8 Hlioiild probably be included in the Galciferous 
^roup, M'hilo all bolow that may be referred to the Potsdam period, 
and this boring in<Iicates a very rapid increase in thickness of both 
thcKc formations in their southward extension, over what they attain 
in WiHconsin an<I Minnesota, where they form the surface rocks 
over oxli«n«ivo areas. 

PiMldiconrK w(»ll, near ^^rtrseilleH, was carried to the depth of 2,180 
feet, but the flow of water was only one and a half barrels per hoar. 
Tile following is a eo))y of the published record of this )vell: 

Ft. 

N<i. 1. iJrlft ••lay. cnivf»l. I'ti' 2GB 

No. 2. CluyMhalo 60 

No. :». Ltinostoiio 85 

No. 4. Ht. IN'tHFH HaihNtoiit^ 290 

No. &. (^iil«'ift?roiis ? 617 

No. 1;. Whit«' minilj*toin» 9S* 

No. 7. LimoHtoim 62 

Nm. k. Hhiilo 115 

N«i. !«. Slat*' 112 

No. 10. Shalf 9 

No. n. Liirn*st«»no 29 

No. rj. SamlMono 39K 

No. i;{. Ijfin'stoni» 46 

Totahlt'ptli 2,189 

The principal How of water was from No. 12, and it rose within 
10 feet of the surface until the well was tubed, when it overflowed 

the Kurface, yieMing about 36 barrels per day. The quality of the 
water \h not j^jiven. No. 5 is describe*! in the published section as 
Calciferous, but it i)robably includes nearly or quite 200 feet that 
properly belongs to the* Potsdam period. The similarity in the lith- 
olo^ical character of the be<ls composing these two groups is such 
that it is impossible to determine, from the material brought up from 
an ordinary boring, where the stratum bebmgs. and the thickness of 
the Calciferous must be determined by its general average at other 
localities. 

The St. Peters sandstone, and the white sandstone of the Cal- 
ciferous group, were both found to be water-bearing in the Streator 
well, the water from the St. Peters coming within JO feet of the sur- 
face, and that from the Calciferous within al)Out 34 feet, and the 
water was n^ported to bo sweet and apparently free from deleterious 
mintTal substances. The water from the Potsdam was brackish and 
unfit for common use, but rose in a tube to the height of 45 feet 
above the surface. 

The location of this well Is 40 feet al)ove Lake Michigan and 618 
feet above sea level. 
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The surface deposits of LaSalle county will furnish an inexhaust- 
ible supply of sand, clay and gravel. The sand pit in the vicinity 
of Streator furnishes a clean, sharp sand, that is shipped in large 
quantities by railioad wherever a market can be found. The fol- 
lowing section may be seen at this pit: 

Ft. 
Brown clay 4 

Ash-colored clay 4 

Sand, with Btrcaks of fine ^avel 2« 

Coarse gravel 7 

The clay used in making tile at Streator comes from the bottom 
of what were formerly shallow surface ponds, that have been filled 
up mainly by the wash from the higher grounds by which they were 
surrounded. It is a tough, fine, unctions clay, and at some points 
is found as much as ten or twelve feet in thickress. It is evidently 
more modern than th^ brown clay of the Drift period, and overlays 
that deposit when both are present. The growth and decay of 
aquatic grasses, that usually abound in shallow ponds, produce a 
fine silicious sediment, and this, with the wash from the higher 
grounds adjacent to them, will fairly account for the occurrence of 
these tough clays in this position. In other portions of the county 
the brown clay of the Drift, or, more properly speaking, of the 
loess ^ is used in the tile factories with satisfactory results. 

In closing these brief notes on the geology of LaSalle county, I 
desire to express my obligations to Dr. E. Evans, of Streator, for 
valuable information in regard to the geology of that part of the 
county, and for hospitable entertainment, and transportation to such 
localities on the Vermilion river as it seemed desirable to visit ; and 
also to the Hon. Elmer Brldwin for similar favors while exploring 
the outcrop on the river in the vicinity of Farm Ridge ; and also to 
Mr. John B. Duncan, of the Caledonia shaft, Mr. Clias. J. Devlin, 
of the Union, and the proprietors of the Oglesby shaft, for a de- 
tailed record of their works. 

It is to be regretted that a detailed record of every coal shaft is 
not kept, for such records would be of great value, not only to the 
proprietors and managers of the mines, but to all who desire to 
obtain reliable information in regard to the value and extent of our 
coal resources. 
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The present work is largely though not exclusively concerned with 
the consideration of those distinctively carboniferous families of 
ancient Selachians, the Cochliodontidae and the PsammodontidaB. 
Although in the majority of instances the classification now adopted 
has necessitated the amending, amplifying, and curtailment of the attri- 
butes ascribed to genera, it has not been deemed necessary to give a 
detailed diagnosis of all the genera thus revised. In the latter in- 
stances the descriptions of species will afford the necessary informa- 
tion relating to the peculiarities of the genera to which they belong, 
and a glance at the illustrations will often convey a vivid impression 
of those distinctions. 

It has been impossible to avoid repetition of details in the notices 
of the species, especially in the desire to render for each species a 
comprehensive diagnosis by itself ; otherwise the descriptions would 
mainly consiert of comparisons of their distinctive features as con- 
trasted with one another, and we have deemed it the safer plan to 
err on the score of details rather than brevity, stating the facts 
concisely as possible, but omitting none of evident consequence as 
aids to a fair conprehension of their special characteristics and their 
resemblances and distinctions compared with allied species. In no 
similar investigation have so many and varied materials relating to 
these interesting groups of Selachians been brought forward for 
critical consideration at the same time. That the subject was some- 
what involved may be readily understood by all students; but to 
none so much as to the specialist can the actual state of things in 
this relation be at all adequately appreciated. This has largely re- 
sulted from incomplete data, and to some extent also to the lack of 
familiarity with the association of forms in the same deposits. For 
it must be confessed that in the very few exceptions these remains 
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Ijhv" I;*;mi '' iijsiilt.'nii individuully, eitlier the variooB fonnt have 
im < li iijt<r|»nT«'<i us distiiirt hpt'Chs, or iu Konie iiistances tbey have 
\>**\i p t.':tnh«] iis till' ri'iirt-Hi'iitativcs of diHtinct genera. This has 
i'.\*'n rir< tn tin- cstulilihliiueiit of ^j^i'iicrir fzroupH which already wo 
-• f)i.- ii««f.hsity of uli:i]i(l<»niii^', while the Hpucific forms are largely 
<i:rtiiilt •! i»y th< ir asMiciatiou into Will-dcriiifd catei^orieB embracing 
U\n, thit/4-« aixl evi'ii four distinct forms, nil pertaining to a single 
-p< <'!<.-.. 'J'licrc can no lon>;er rciuain a doubt as to the specific 
I'liriitity fif tht' four forms ^ihich Messrs. Newberry and Worthen 
i|i v-^'iib^rl undtr the head of CtH'hlUhluH nohil'm {Cork, latus) of Dr. 
L'idy : and yet we arc here furnislied three groups formerly regarded 
as possi-s.sjntj ^'eneric importance, viz: CorhliihluHf Strdtlotbis, and 
HrloJus, in ])art. The announcement of Professor llichard Owen of 
the iliscovery of a third mandiluihir form of dfchVuKlus (the pre- 
eJMi nature iA which, liowever, we are not familiar with) very likely 
will aiM a lUth form to those already noted under so-called generic 
heads as renily helon^inj^' to the genus C(W///Ww«. Very nearly the 
bam<' stale of thinj^'s obtains in relation to the genera DvIUhIum, 
Siuuhihuhin, Pu'rilodua^ etc. Indeed the various forms of all these 
Ci»<hl\oilintt genera have very generally received s])eciiic designations, 
while some of them have been identilied with genera widely differing 
from one another, as is the case with the forms herein noticed mider 
the generic term Orthnpleumihis, 

While the facts elicited by the stratigraphical knowledge accom- 
panying the greater part of the materials submitted to us have 
rendered possible, indeed necessitated the revision of the genera of 
the Cochliodonts, it has also developed interesting and important 
facts bearing on the derivation and relations of these genera. That 
these may be made comprehensible in briefest statement, the sub- 
joined tabular review of the geological formations immediately con- 
cerned, may not be inadmissible in this place. 

Table of Carboniferous formations, as developed in the region of 
the Upper Mississippi : 

I v\u.r L*irJ»onin rouH , j^^^y^.r Coal Mua-surert. 

i Cliostrr limostonu. 
I St. Louis limoHtone. 
I Warsaw liinust<>no. 
Lower (^irbunlfurouH ; Knnkiik linH'stnno. 

UpiKT ItiirliiiKt«>n liinestono. 

Low^r Jtiiriiii(;ton limestone. 

Kindorhcok beds. 
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In the majority of cases the remains of fishes are found in definite, 
readily identifiable horizons, indeed chiefly in a limited stratum, 
where they are crowded together forming veritable bone-beds, though 
by no means thus restricted, as their remains are found more or 
less scattered in many formations. Yet the latter occurrences are, 
as might be expected, comparatively rare. 

The earliest genus, Psephodvs, whose relations with the more 
typical representatives of the family may be a matter of reasonable 
doubt, had its beginning in the oldest or Kinderhook formation, 
only ceasing in the latest or Chester epoch of the Lower Carbonifer- 
ous period. Near the close of the Kinderhook epoch Vaticinodm 
was introduced, authentic representatives of which continued to exist 
during the Upper Burlington epoch. Tceniodus, whose relations 
seem to be nearest Psephodus of all the true Cochliodonts, is first 
met with in the Keokuk formation, continuing thence into the 
Chester, where it is last seen. During the Upper Burlington epoch 
JJeltoptychim was introduced, which appears to be a modification of 
VallcinoduH, as is also Stcnopterodus, which originated at the same 
time, and whose remains occur in each succeeding formation as late 
as the St. Louis, while Deltoptychius continued to exist during the 
deposition of the Chester limestone. In point of time, also, Sanda- 
lodus began contemporaneously with the latter genera, with which its 
affinities appear to be most intimate, although it presents a more 
marked modification of generic characteristics than those distin- 
guishing the three last named genera, one from the other. In 
Orthypleurodm these modifications are carried to an extreme, as 
especially notable in the maxillary terminal form, though its man- 
dibular terminal teeth are very similar to the homologous form of 
Deltoptychius y while the median form of the same jaw is intimately 
allied to that of Saiidalodus, Pertaining to the same category are 
the forms of Xystrodm, and, perhaps, TomoduSy which apparently 
was the contemporary of the above mentioned genera, its remains 
being first encountered in the Upper Burlington, and only ceasing 
in the lower Coal Measures. It presents the simplest form of the 
group to which it especially pertains, and throughout its extensive 
vertical range or distribution in time, it maintains its distinctive 
peculiarities with remarkable persistency. 
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rouHiderinfc the more typical representatives of the family, the 
f.nrlu'Hi Ut appear is i^hito/uHlna, whivh l>e^an during the Lower Bar- 
lirj^'tou f-pocli an<l in last met with in the St. Louis. It is clearly 
ttir fon'nniner of PurilihluH anil (\ichUnJuM, which appeared at later 
(;prH*lirt, and which are modilications hased upon the same plan, 
and wliicli niif^ht readily be siip])osed to posi^ess features that 
entitle them to at least suh-family rank in contradistinction to the 
before- mentioned j^enera. While Ctx-hlioilus was apparently of com- 
paratively brief duration, since its remains have thus far only been 
met with in the St. Louis and Chester formations, Fwrilodus, the 
earlier of the two to make its appearance, dates from the Warsaw, 
the last rei)resentative beinjjr derived from the upper Coal Measures. 
Throu^diout this vast ^eolo^ical ran^^e its species manifest the least 
ten<lency toward ditTcrentiation, on the contrary maintaining the 
distinctive characteristics of the p:enus with extraordinary fidelity to 
the type. The same may be said of lU'Itthliis, whose inception is 
contt'inporary with ("hitunmlun, with which its relations are, perhaps, 
the most intimate. This is especially pronounct-d in the case of the 
homoloi:ous terminal forms of the mandible of either genus, Delta- 
(/mk maintaining a simide convex anterior lobe in lieu of the 
median <*oronal i)rominence of ChitotuHiujt, which is a mere modifi- 
cation of the former, and which reached its extreme ditTcrentiation 
in Ctwhlintiua: but in the supposed terminal form of the upper jaw 
we are aj^ain pr* sented with a marked departure from the GwA- 
lUnhia type, the si^nilicance of which is sought in the previously 
mentioned genus Siimlahuhi.^, while a less intimate relationship with 
Ih'ltoptm'liiiiit and Orthopleurthhi^i is noted, but sutlicient to arrest 
attention with suggestions of their common origin. Dcltodopgis 
evidently was a later moditication of l^Itothut, and, although it is a 
well dethied group, it is not clear whether it should be deemed of 
greater rank than subgeneric. 

The foregoing observations are rather what the comparatively 
meagre facts seem to suggest, than actual demonstrations of a com- 
plete system of derivation and generic relations. It is therefore with 
no small degree of trepidation we venture to exhibit these supposed 
relationships in diagramatic form : but it will at least subserve the 
purposes of illustrating in a vivid manner the stratigraphical range 
of the various generic groups alluded to. 
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DTAORAM ILLUSTRATING THE STRATiaR&PHICAL DISTRIBUTION AND THE 
RELATIONS OF THE GENERA OP COCHLIODONTS. 
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Besides the above mentioned Cochliodonts and Psammodonts, a 
considerable number of heretofore undescribed forms, pertaining 
chiefly to Ichtbyodorulites, or defensive spines, are noticed, being 
acquisitions acquired since the publication of the preceding volume 
of the Illinois Geological Survey. As in connection with the latter 
work the authors owe acknowledgment to the same gentlemen, who 
hare not only contributed material, but have freely shared the 
results of their familiarity with the objects themselves, and tha in* 
valuable information relating to their stratigraphical association and 
distribution, so that we feel a double interest with them as con- 
tributors to a knowledge of these early vertebrates. 
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lieKidt'K the maj^inificent rollections of Mr. Frank Springer and Mr. 
\V. (\ Viiii IIoriit\ in the use of wbirh we have enjoyed anrestricted 
lihcrticH. wo are iiidehtod for valnnMe aitlK, wbieh are duly acknow- 
Icd^rd at tho proper plaee in the accompanying text. Through 
til* cDurtcMy of l>r. Charles A. Wliite, paltcontoloj^ist of the U. H. 
(ifoloi^'ifMl Survey, we have had aceess to the eoliections of the 
National Musmin, which have Ihhmi hrou^^ht in hy Government ex- 
peditions to the TtTritories. We are also under great obligations to 
|)r. Joseph Lt'idy, who kin«lly proeuretl uh the loan of valuable 
types hrjont^MUf^ to the Museum of the Academy of Natural Science 
of Pliiladclphia. It atTords us pleasure in rendering acknowledg- 
ments and our thanks to Lord Enniskillen and Dr. L. de Eoninck^ 
for vahiahle information iu relation to the occurrences of Carbon- 
iferous lislies in (ireat Britain and Bel^^fium. We are also specially 
iiidehled to Mr. Charles Wachsinuth, who has favored us ^ith much 
additiouMl uiattTial fnun the Kinderhook and Burlington formations. 
Similar favors have also heen extemled us hy Mr. L. A. Cox, of 
Keokuk. Mr. AU'xander Butters, formerly of Carlinville, and Dr. 
(M'orj.^i« Ihimhach. of St. Louis. We have also had the use of Mr. 
L. A. I^'uller's collection, and Mr. A. S. Tiffany, of Davenport, has 
placed in (»ur hands some very interestinj? material from various 
CnrhonihTous and hevonian ft^rmations. Professor L C. White, of 
ilii' Pennsylvania (leolo^ical Survey, has kindly furnished us material 
fn»ni the Low<'r CjirhonifiM'ous lish-horizons, which he has discovered 
in Wi'sN'm Pi'unsylvania ; hut these last, we regret, we have been 
compelird to omit In the |>resent work. 

(>. St. J. and A. H. W. 
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Genus PSEPIIODUS, Agassiz. 

Psephodm, Agassiz, MSS., 1859, etc. 

The genus Psephodus was recognized by Professor Agassiz iu 1869, 
by whom Cochliodm magnuSy Ag., of the Irish Mountain limestone, 
was regarded as the typical species. This determination was 
accepted by British pala)ichthyologi8ts, and a few years later, 1862, 
it was authoritatively published by Messrs. J. Morris and G. E. Rob- 
erts, in the Quat. Joum. of the treol. Soc. of London, XVIII, p. 
102. At a subsequent date, 180G, Messrs. Newbeny and Worthen, 
in their investigations of the fossil fishes published in the report of the 
Illinois Geological Survey, Vol. 2, p. 92, described several congeneric 
species from the American Lower Carboniferous formations, however, 
evidently overlooking the prior published conclusions arrived at by 
Professor Agassiz, as they distinctly identify the t3rpe species of 
Psephoilus with the American species, to which they applied the gen- 
eric designation Aspulodus, In regard to the generic identity of the 
American species described under the latter designation, as also 
those additional ones herein first made known, with Psephodus mag- 
nus, Agass., there is not the least doubt. 

In the present work the results of the attempts made to identify 
the probable complete dentition of Psephodus are omitted, only such 
forms receiving brief diagnostic notice, the relations of which may be 
considered as even more than probably determined. These consist 
of two distinct forms of heavy, more or less spirally in-rolled trit- 
urating or crushing plates, investing the median region of the rami 
of the jaws: 
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Vir^, t«f>th pre^^^ntin^' a trapezoidal ontiine, the crown irmyersed 
ior;cntu<iinalIy hy a low. obtuse-crested ridge, culminating poeterior 
of the mfrdiau line, the inner margin somewhat angalarlv roonded, 
outer extremity alwavs truncate with channeled, crenulate articular 
surfnoe. the lateral U>rdt'rii undulated as though for coadaptation with 
the lateral artici;lar extremities of narrow serial teeth. 

Se«^jnil. teeth generally more «d>liquely trapezoidal in outline, in 
which the corrjnal riilge is relatively inconspicuous, and the inner 
margin nently arched, from which the lateral Ixjrders less rapidly 
converge towards the outer extremity, their articular surfaces also 
undulated. Coronal surface minutely punctate. The aliove forms 
are provisii»nally referred to oppose*! positions on the lower and upper 
jaws respectively, chieriy on account of the somewhat stronger re- 
semblance of the first mentioned form with the contour of the man- 
dibular teeth of typical Cochlitxlonts. With the above remains are 
associated narrow or transversely elongate teeth, whose crenulated 
edges and coronal contour clearly point to their intimate kinship 
with the procodint; forms. The latter include the European form 
originally described under the term ILMus planus, Agass.. which 
was by Ca]>t. Jones regarded as belonging to Psephxius magnuM. 
Tbeiv are other similar forms more or less numerously represented 
in the collections, which may also prove to have been associated 
with those above noticed. 

In reference to the dentition of Psephoiim our information is still 
meagre, although the identity of a variety of seemingly widely di- 
verse fi>rm8 may be asserted with a degree of confidence. While 
certain conspicuiuis forms belonging to the genus may be compared 
witli \\w dt^nlal elements met with in iWhlLHihs, there was unques- 
tionably a luarKetl contrast in the character of the combined dental 
arnunucnt of the jaws of those genera. Indeed, the resemblances 
betwtM^n them an^ but little more intimate than obtains in the in- 
Htanco of (Vi<0'.ic«i»M and iWhluHhitt, While the imniian pv^rtion of 
the rami of the jmnvh of l%'i*ho^hiH wan enveloped by a moderately 
eontovtetl dental plate. oonHtitutmg its chief point of resemblance 
with iWhihuhiH, thiM plate waM llanked on either side by series of 
teeth dispoMotl \\\ rowr* fiom wilinn \mtward similar to the oivur- 
renco of tlu» tooth \ipon tho lawn of ri)<(r»ifio»». Theri^fore. the solid 
triturating platoH of /W/i/h^/iM ato not rdiictly homologvnis with the 
large posterior tooth of iWhUx^^tun, h\\\ thov lUe u\or\» pn^iH^rly des- 
ignated aa *Mnediuu*' tooth of tho lann of tho jmnm^. 
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Not infrequently individuals of the median forms are met with 
which show one or more partially detached, laterally elongate teeth 
at the outer extremity of the plate, which is always abruptly trun- 
cated, leading to the inference that these median plates themselves 
were, in the earlier stages of development, made up of series of 
teeth. On the other hand, certain forms occur which have been 
noticed under various generic designations (Desmiodus, Orodus), 
which are composed of series of transverse coronal crests, firmly 
soldered into a continuous plate at the impingement of their bases, 
in which condition they bear a remarkable resemblance in outline 
and direction of inrollment, to the above mentioned median forms. 
But beyond deducing certain permissible conclusions bearing on the 
probable affinities of Psephodus, the meagre array of data is deemed 
insufficient to warrant, at the present time, the critical relegation of 
the diverse dental materials alluded to in this connection. 

In American geological history, Psephodus was amongst the earli- 
est representations of its order in the Lower Carboniferous period, 
its first occurrence dating from the Einderhook epoch. Although 
the succeeding Burlington, Keokuk and Warsaw formations have as 
yet afforded no evidence of the presence of the remains of the genus 
(if we except the occasional appearance of Helodus planus-like forms), 
its forms are sparingly met with in the St. Louis deposits, and in 
the super-adjacent Chester division several forms, probably pertain- 
ing to a single species, are conspicuously prevalent. The various 
species occurring through so great an interval of time, ranging from 
the earliest to the latest epoch of the period, exhibit an extraordinary 
persistency of the type without parallel amongst the Cochliodonts, 
if we except the doubtful relations of the later introduced species 
provisionally identified with Vaticinodus. From this point of view 
the genus would appear to be prominently isolated so far as relates 
to precursor or subsequent derivatives. Of the former we have not 
even the vaguest intimation, and the latter, even under the most liberal 
interpretations, have undergone excessive differentiation. The pres- 
ence, in the extreme anterior portion of the jaw of CochlioduSy of 
transverse coronal ridges, if not of isolated teeth, in series corres- 
ponding to those abaft and forward of the convolute median plate 
in Psephodus y offer tangible evidence of their probable origin, though 
their relations are less intimate than might be expected in groups 
almost coeval in their inception. 
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While it is not deemed improbable that the acquisition of more 
complete evidence may lead to the discovery of still more intimate 
relationship between Psrphodus and typical Cochliodonts, the rela- 
tions of the former with Pmmmodu* are so remote as to preclnde 
the inference, which has, however, found expression, that P$epkodu9 
constitutes a sort of transition connecting the Psammodonts with 
the Cochlioilonts. 

FsKPiioDis oBUQurs, St. J. and W. 

PL I. Fii;^ 1. 3. S. 4, &. 

Under the alH)ve term are included series of teeth represented in 
the ooUootions by a uuml)er of individuals, which range themselves 
undor two, perhaps three or more well-defined groups, distinguished 
by their outline and general conformation, and which, taken together, 
lire not oonsidored separable into so many distinct species; on the 
oontrnry, thon« exists strong presumptive evidence of their having 
oouMtiiutod parts v)f the dentition of one and the same species. 

Only th(^ two most conspicuous forms are noticed in this place. 

Ono of thoHo forms is represented by teeth which possess thechar- 
aoloriHtioH of what may Ih> regariled the t3rpical representative teeth 
(if i\\v ^ivnwH / V;»/i(x/fi«, comparable with the larger and more tumid 
Innlli of /'. miif/NNJi, Agass., disting\nshable« however, by their more 
Kynunrlrioril iind Hmallor sixo. In general outline convolntely and 
irroflithu'ly poutaugular* uunioratoly inrolled« outer extremity slightly 
nMitidnd luul obliquoly trunoattnl fn^m fn^nt outward and downward, 
llin \mm^\ portion i^howing a bn>ad channel beneath the projecting 
(Miroiiiil liordor; Hulorior Inmlor slightly sigmoidally curved, forming 
nninly a v\^\\i anKl<^ xvith the outer margin* cv^ronal enamel forming 
n. Mill row ointuilHtod fold aU^ve the nearly vortical-channeled base; 
|Mm(ptior bolder niuuliuly ourved. but of ^rt'ater extents agreeing in 
oIImm' inR|tnolA with Ibo oppoitito 8ide: inner mar^nn hix>adly roonded 
01' oblnni*ly MUM^^I(^<\ ('onuuil (Huiivm wollMletme^l from the deep, 
notuowliHi proiluoiMl iind nhallow olmunoUHl lv^^> vi^^ ^^'^t specimens 
\\w Imnwl |»oHiou itt worn away» the orxnvu ptv^Jecting bevKAd its 
otiuiMiil nuppoilK (Nmuml n\nfaoi* uunleratoly arx'hed in hothdiiee- 
lion», liitviMmMl a liitlo pimtiMior of the middle bytlie median ridge, 
wlHoh foitim h wsWm' |mMuiuout ai\gulatiou tviHakii>g of the corvm- 
\\\\v of IIh» iloliniUM boisbMi«, wutonoi^ *Khh» bnvader than the some- 
whhl M»on» ooMPinp uhd »*bn^>l |^viitov\or divUxilv. which latter is 
|Modu»M»»l into m\ \M\\n\' aUhou at the evtivme inv^l^^ri^v aixgle. be- 
yond \\\\\\A\ \^\W\\\W I bo lMt«»o t\^vmu\atii^i m an v^4u^ spur. Sur- 
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face minutely and closely punctate. The proportionate dimensions 
of large examples vary considerably, according to the state of trun- 
cation of the inrolled extremity; in other respects, however, as in 
general outline and coronal contour, the observable variation of in- 
dividual teeth is comparatively unimportant, save what is attribu- 
table to wear while in use. Both the anterior and posterior borders 
are faintly undulated, suggesting their association with series of 
smaller teeth. The latter condition is even more markedly exhibited 
in the teeth (including this particular form.) from the Chester lime- 
stone, Psephodus crenulatue, N. and W., with which the teeth de- 
scribed under the name Aspidodus convolutus, N. and W., is specific- 
ally identical. The posterior sinuations are fewer, indicating larger 
teeth for the contiguous series than those at the opposite border. 
The relations of crown to base are shown in the illustrations given 
of the teeth in question. These teeth probably occupied a median 
position upon the rami of the mandible. An ordinary-sized tooth 
measures in greatest breadth between the inner angles 40 mm; 
ditto, across outer extremity 25 mm; length along antero-lateral 
border 20 m m ; ditto, posterolateral border 30 m m ; depth of tooth 
at middle of anterior border 3 mm; ditto, middle of inner margin 
5mm; greatest length along coronal ridge 40 m m. The propor- 
tions will, of course, be found to vary in individuals of the same 
age, in accordance with the abbreviation of the outer extremity. 

Teeth strikingly in contrast with the preceding form, occurring in 
the collection with the same frequency, but possessing superficial 
characters which strongly suggest their intimate connection with that 
form ; may be regarded as the opposed form of the upper jaw. They 
are distinguishable by their trapezoidal outline and relatively uniform 
low coronal surface, and proportionally less robust build. Outer ex- 
tremity obliquely truncated in the same direction observed in the 
previously mentioned form, or from the anterior angle outward and 
downward, and forming nearly a right angle with the antero-lateral 
border, the narrow coronal fold projecting beyond the furrowed base, 
and somewhat irregular in outline, forming an articular edge with a 
similar preceding tooth of the same series; antero-lateral border 
proportionately shorter than in the first noticed form, slightly 
curved sigmoidally, nearly vertical, with a narrow channel defining 
the crenulated coronal fold from the base, and more or less dis- 
tinctly undulated; postero-lateral border somewhat more strongly 
curved, obtusely rounded at the inner posterior angle, the crenulated 
coronal fold slightly overarching the basal portion, which is also 
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channeled and undulated as in the opposite border; inner margin 
broadly rounded, base excavated as in the preyionsly described form. 
Grown very slightly arched transversely, well-preserved specimens 
showing two obscure longitudinal prominences, one near and rising 
rather abruptly from the posterior border, the other a little anterior 
of the middle ; a third, and perhaps sometimes quite as well marked 
ridge, occurs just back of the anterior border. Coronal surface finely 
and closely punctate. A medium-sized tooth measures across the 
inner margin 29 mm; ditto, outer margin 16 mm; length along 
anterior border 21 mm; ditto, posterior border 32 mm; depth of 
tooth at middle of anterior border 3mm; ditto, inner margin about 
5 m m. 

A very small specimen which is provisionally identified with the 
maxillary form of the present species, shows a proportionately shorter 
tooth of a more rhombic outline, the outer margin, also anterior 
and posterior borders, distinctly crenulated, the former strongly bo, 
and further distinguished by the gradual convergence of the lateral 
borders, greater and more regular transverse convexity of the coronal 
region, as contrasted with the typical specimens. These features of 
coronal contour are also intimately shared by a more elongate ma- 
ture tooth, but which, though imperfect along the anterior border, 
and considerably worn towards the outer extremity, evidently closely 
agrees in outline with the typical examples. 

Compared with other American Carboniferous forms of Psephodus, 
the present offers characteristics readily distinguishing them specifi- 
cally. From P. crenulatm (N. and W.) of the Chester formation, 
the species dififer in the uniformly larger size of the teeth, repre- 
senting the dentition of different parts or opposite jaws. The large 
median teeth, probably belonging to the lower jaw, differ in being 
less massive, possessing fewer and less distinct undulations in either 
border supposed to have relation to contiguous series of smaller 
teeth, and the less strongly marked crenulations of the narrow 
coronal fold. The depressed trapezoidal teeth included in the second 
form described under the above specific caption, and which are sup- 
posed to have belonged to the upper jaw, differ from the corres- 
ponding teeth of the Chester species in essentially the same respects 
above cited, with perhaps less marked obliquity of inner and outer 
margins and less strong spiral inrollment. Examples of both of 
the above forms of the Chester species show the entire margins and 
borders of the teeth to have been crenulated ; besides they are more 
or less deeply notched in one or other border, showing the manner 
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of coalescing of transversely elongate teeth of the younger with the 
broad long plates of the later stages of growth. The latter feature 
assumes various phases, from a shallow undulation in the border to 
a deep slit extending through the thickness of the crown and base, 
the impinging margins being crenulated as in the inner and outer 
margin of • entire individuals. None of the Einderhook examples, 
however, show this latter feature, yet it may be expected to occur 
in them as well as in the Chester species. A medium-sized tooth 
of the Chester species affords the following measurements : Breadth 
across inner margin, 22 mm. ; ditto, outer margins, 13 mm. ; length 
along anterior border, 13 mm. ; ditto, posterior border, 16 mm. ; 
thickness of tooth at middle of anterior border, 3 mm. ; ditto, pos- 
terior border, 4 mm. 

The teeth of the present species differ from European species 
Psephodus magnus, Agass., as also from the Chester P. crenvlaius 
(N. and W.) in their more symmetrical outline and distinct defini- 
tion of the angles. The Chester species, perhaps, bears more inti- 
mate comparison, but it is not known to have attained nearly the 
size of the European species. The Einderhook teeth under consid- 
eration are further distinguished by the comparatively distinct an- 
gulation of the coronal ridge of the mandibular form. 



Psephodus placenta, (N. and W., sp.) 

PI. II, Fig. 5-8. 
Helodua placenta, Newbebbt and Wobthbn, 1S66. 111. Geol. Barv.. II. p. 80. PI. V, Fis:. 4, 4a. 

Associated with the forms last described under the name Psephodus 
ohliquus, the collections contain a few examples of teeth, which so 
far as relates to superficial markings and general appearances, 
might be presumed to have belonged to the fishes that bore those 
teeth. But in all the collections from Chester localities, where the 
forms of P. crenuUUus abound, there is not a single representative 
of the form here alluded to. Therefore, in recognition of its dis- 
tinctive features, it is provisionally referred to a distinct species. 

As at present understood, only two forms of teeth have been 
recognized as probably belonging to this species. First, median 
form of the upper jaw (?); Teeth irregularly quadrilateral in out- 
line, moderately inroUed spirally, anterior and posterior borders 
differing little in relative length, converging at a slight angle, the 
narrow enamel fold defined by a slight groove from the basal por- 
tion, which shows coarse verrucose markings; inner margin broadly 
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rounded with a slight sigmoidal curvature extending into the obecnre 
poHterior alntion, the vertical plane of the base eqnal in depth to 
the height of the enamel fold from which it is well defined; enter 
margin obliquely truncated from the anterior angle downward and 
outward, usually much worn and otherwise mutilated. The anterior 
and posterior borders show more or less distinct and rather wide 
undulations. Coronal surface uniformly and closely punctate, some- 
what strongly arched transversely into a broad rounded prominence 
culminating a little anterior to the median line, posterior slope 
gently concave. Breadth of medium-sized tooth across inner mar- 
gin, 28 mm. ; ditto, outer margin, 18 mm. ; length along antero- 
lateral border, 20 mm.; about equal to the opposite border; depth 
of tooth at middle of anterior border, 2-5 mm. Second, median 
form of the lower (?) jaw: Teeth corresponding with the second 
form, described under P. ohliquus, and having the same general 
outline, but distinguishable by the less rapid convergence of the 
lateral borders and the considerable gibbosity of the coronal region, 
which rises into a low broad prominence, traversing the crown 
nearly centrally, or a little abaft the median line. The large uniqu 
individual of this particular form alTorded by the collections, is 
somewhat mutilated, the borders and extremity not being clearly 
shown ; the inner margin is broadly rounded, with a slight sigmoidal 
oblique course, the crown surface punctate as in the other forms. 

Comparisons of the first above mentioned form with the type 
specimen described by Messrs. Newberry and Worthen, under the 
name Helodiis placenia, leaves no doubt as to their specific identity. 
The original specimen figured in the report of the Illinois Oeol. 
Survey, II, PI. V, fig. 4, 4a, is that of a small individual, the 
transverse diameter of which considerably exceeds the length from 
within outwards, the inner margin and base being in an extraor- 
dinarily perfect state of presersation, even showing the delicate eren- 
ulations of the rather heavy coronal fold that rises from and projects 
somewhat beyond the mural basal area. The outer portion of the 
tooth, on the other hand, is much worn, though the entire outline 
is still preserved, its characteristics being well reproduced in one of 
the figures illuptrating the species as herein interpreted. 

Compared with Psephodus ohliquus, the forms of the present species 
reveal the following salient distinctions: The supposed mandibular 
median teeth are relatively narrower, lateral borders less rapidly 
converging, the more nearly central position of the axis of the 
coronal ridge, and the less angularly rounded inner margin; in the 
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supposed opposed form of the upper jaw, the lateral borders more 
gradually converge the anterior position and greater prominence of 
the coronal ridge, while the inner margin is less obliquely rounded 
than obtains in the corresponding forms of the last described species. 
Geological position and locality: Upper fish-bed of the Einderhook 
formation ; Burlington, Iowa. 



PsEPHODus? Symmetmcus, St. J. and W. 

PI. I. Pig. 6, 7. 

The present species is represented by a single form, with which 
only one or two individuals, of doubtful generic relations, have thus 
far been provisionally identified. The form corresponds to that re- 
ferred to the median position on the lower jaw. The t3rpical example 
is that of a tooth below medium size, sub-trapezoidal in outline, 
moderately arched from within outwards and somewhat closely in- 
rolled, giving to the outline a relatively great breadth as compared 
to the length of the tooth. The outer margin and coronal region is 
worn and broken away, nor are the postero — and antero— lateral 
borders sufficiently preserved to show more than the projection of 
the basal rim beyond the coronal limits, as obtains in both examples, 
the borders gradually converging, coronal limits defined from the 
basal rim by a shallow sulcus ; the inner margin is broadly rounded, 
with a slight sigmoidal curvature in passing from the obtuse anterior 
angle to the slightly produced posterior angle. The crown surface 
gently rises from the antero-lateral border, culminating in a broad 
low crest situate in the posterior half of the coronal area, thence 
more steeply sloping into the narrow shallow concavity parallel 
with the posterior border; surface minutely punctate. Greatest 
diameter across the inner margin .17 mm. ; length along the antero- 
lateral border 7.5 mm. 

The type specimen shows a faint longitudinal depression near the 
median line, which does not appear to have been produced by wear 
as it descends to the unworn enameled inner margin, and toward 
the antero-lateral border the surface is marked by a thread-like 
groove, defining a narrow plain belt along that side, which is appa- 
rently also a permanent constituent of the coronal contour. 

Another and smaller tooth belonging to the left ramus of the 
lower jaw, shows nearly the same outline as the specimen described 
above, but it is distinguished by the greater prominence of the 
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coronal ridge and the somewhat greater obliquity of the jiostero- 
lateral border. As in the above example, the antero-lateral border 
has a moderately oblique course from the obtuse inner angle out- 
ward and forward, and is similarly marked by the produced basal 
rim; the posterior depression, however, is quite obsolete, the slope 
from the summit of the coronal ridge to the rounded fold along the 
postero-lateral border showing scarcely the least transverse con- 
cavity; on the other hand, while the gentler declivity in front is 
faintly depressed, it is destitute of the impressed thread-like line 
and narrow belt parallel with the anterior border observed in the 
larger tooth. The surface punctation of the smaller specimens is 
appreciably coarser and more like that of the associated teeth of 
Psephodus, and in both the remnant of coronal enamel along the 
inner margin is traversed by similar faint parallel lines of growth. 
In the process of the preliminary distribution of the materials of 
the collections for study, the teeth upon which the foregoing notices 
are based were referred to Psephodus obliquus, a relationship 
which may yet prove to be well founded — the smaller of the examples 
above referred to possibly representing the young stage of the large 
teeth described under the latter designation. The latter specimen, 
however, shows the inrolled extremity entire, instead of the oblique 
truncation such as distinguishes all mature individuals of Psephodus, 
while the strong inrollment and consequent strongly arched longi- 
tudinal profile offer marked contrast with the forms of PsephoduB 
with which the present teeth were associated. The larger examxde 
bears a striking resemblance to the mandibular posterior form of 
Cochliodus; but of the latter genus no other remains have thus far 
been discovered in Kinderhook horizons affording the teeth above 
noticed. 

Geological position and locality: Kinderhook formation; Burling- 
ton, Iowa. 

PsEPHODUs LATUs, St. J. and W. 

PI. n. FiK. 1. 3, 

Teeth small. Mandibular median (?) form sub-triangular in out- 
line, moderately arched in the direction of inrollment. Antero" 
lateral border nearly straight, undulated, the crenulated coronal fold 
gharply inbeveled to the channeled basal portion; postero-lateral or 
oblique border rapidly converging towards the outer extremity, maldiig 



•f*- .j 



VEBTEBRATE8. 73 

an angle of 55° with the opposite border, with which it agreee in 
other respects, although the basal portion is thicker and expanded 
posteriorly beyond the limits of the coronal fold ; inner margin at 
right angles to the antero- lateral border, broadly arched from the 
obtuse anterior angle round the base of the coronal prominence, 
behind which it makes a slight concavity on the way to the sub- 
acute posterior extremity. Coronal surface gradually rising into the 
rounded crest which lies a little behind the median line, the poste- 
rior slope slightly concave, the anterior slope even less so, alate 
expansion obscurely defined. Surface marked by minute, wide- 
spaced punctffi. Greatest lateral diameter across the inner margin 
IS mm.; length along antero-lateral border 9. mm. 

The above described form is represented by a couple of nearly 
entire teeth, in the collection of Mr. Van Home. They are closely 
related to the corresponding form of the representative species oc- 
curring in the Chester formation, which latter, however, is distin- 
guished by the finer punetation, more oblique backward course of 
the inner margin, and less central position of the coronal ridge. 

The St. Louis collections also afford many examples of the diverse 
forms of teeth which have usually been identified with the genus 
Helodiu, but which, possessing certain characteristics in common 
with unquestionable forms of Paepkodus, seem to possess intimate 
generic relations with the present form. The latter teeth may be 
distinguished in a general way by their eccentric coronal prominence, 
crennlated lateral borders and margin of the abrupt outer ooronal 
slope, presenting extreme variation in outline and coronal contour. 
Not iiLfrequent examples are met with showing the downward and 
outward produced base characteristic of Lophodiu, as obtains in 
L, (flelodus) didymus, Ag. ; but more frequently the posterior basal 
portion is iabeveled, indicating that the individual may have con- 
stituted one of a series of teeth more or less perfectly joined at 
their bases, forming a continuous plate the same as is known to 
occur in individuals of Psephodtu. Varying from the asymetrical 
contorted forms to broad surfaced sublunate symmetrical teeth, 
almost every conceivable variation attributed to this class of teeth 
is observed amongst the St. Louis material, the same as occurs in 
the Einderhook and Chester collections. The specific identity of 
these diverse forms with the teeth above described is in many in- 
stances an clijariy indicated as may be under the circumstances; 
but that all of them belong to a single species, we would not under- 
take to aSirm with equal confidence. 



74 PAL;E0NT0L0GY of ILLINOIS. 

Oeological po$ition and location: St. Lonis limestone ; Alton, HI., 
St. Louis, Mo. 

PsEPHODUH cuKULATus, St. J. and W. 

PI. II. PlR.4. 

Tooth small, quadrato-lnnate in outline, lateral borders nearly 
parallel, posterior margin strongly arched forward, making obtoBe 
angles with the lateral borders, anterior margin correspondingly 
concave, terminating in the acute, outward-produced lateral angles. 
Coronal region moderately arched in both directions, with an abrupt 
declivity bordering the anterior side, the surface presenting a some- 
what uneven contour, which is also discoverable in the slightly greater 
prolongation and rounding of one of the outer lateral angles, and 
the relatively greater depth of the tooth at that side; the enamel 
makes a distinct narrow belt sharply inbeveled to the basal portion 
all round, lateral borders obscurely undulated, posterior edge plicate- 
denticulate, outer margin occupied by vertical plicae terminating below 
in deep crenulations. The base is relatively thick; inferior surface 
slightly depressed and smooth, lateral borders nearly vertical and 
faintly channeled, inner margin deeply channeled, together with 
the coronal belt, and terminating below in a thin rim slightly iif, 
advance of the coronal edge, the edges all round coarsely pitted. 
Coronal surface presents a somewhat irregular, minute punctate 
structure, showing marked evidences of attrition from use. Breadth 
across outer margin 9.5 m m. ; length along one of the lateral 
borders 5mm.; length along median line 8 mm. 

The unique specimen above described represents a nearly perfect 
tooth of a form not before met with. Its affinities are unquestion- 
ably with Psephodus, with whose numerous dental remains it is 
associated. The narrow forms of P. crenulattii (N. and W., sp.,) 
present, in their crenulated margins, striking resemblance with the 
present tooth, even as to the details enumerated, above, though 
perhaps not so pronounced as observed in the individual described. 
The same observation holds as regards the coronal contour, which 
is gradually sloped from the brink of the abrupt outer declivity to 
the inner margin. It is, therefore, with some doubt its specific dis- 
tinctness is recognized ; it may prove to belong to a posterior row 
of teeth of one or other jaw, or possibly interposed near the sym- 
physis between the flat, narrow, Helodus-lilLe teeth, whose specific 
identity with the contorted, inroUed median plates of P. cremdatug 
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can scarcely be qaeetioued. Its salient contrasts, compared witb 
the forma associated under tbe latter specific designation, consist in 
the more symmetrical oatline, and coarser, irregular character of 
the coronal punctte. 
Geological posiHon and locality: Chester limestone; Chester, Illinois. 

Genus T^NIODUS, L. de Koninck Mss. 

Teeth representing the posterior form of the upper jaw attain large 
size, snb-rhomboidal or oblique-trapezoidal in outline, moderately 
arched from within outward, and inrolled, more or less obliquely, 
outward and forward. Lateral borders regularly and gradually con- 
verging toward the outer extremity, which may be truncate, as in 
Psephodue, of moderate depth, inferior or basal portion channeled 
and distinctly defined from tbe coronal fold, wbich forms a sort of 
coping along the upper edge ; antero-lateral border relatively short, 
having a more or less oblique outward and forward course and slightly 
concave curvature between the obtuse inner angle and point of inroll- 
ment ; postero-lateral border gently and regularly arched from the sub- 
acute posterior angle, and gradually converging outward with slightly 
greater obliquity than the opposite border; inner margin making a 
gentle |eurvature from the posterior angle forward to the rounded 
angle at tbe base of tbe coronal prominence, where it is suddenly 
deflected forward with a slight concavity to the anterior angle, 
making a very obtuse angle witb the posterior half of its course. 
Coronal contour presenting a simple posterior prominence culmin- 
ating in a low, rounded crest, the broad posterior slope asually 
slightly convex, though sometimes faintly depressed, that on tbe 
opposite side apparently more abrupt and merging into the slightly 
depressed anterior area ; the surface is more or less distinctly un- 
dulated by transverse ridges separated by narrow furrows, conform- 
ing in outUne to the inner margin. The usual punctate structure 
occurs over the entire coronal region, the pores showing a tendency 
to irregular elongation in the axis of the transverse sulci. Inferior 
surface of teeth showing the dense inferior layer longitudinally 
striated; thickest beneath the coronal ridge. 

The foregoing diagoosia applies to a group of teeth meagerly rep- 
resented in the unlltii-tioiiB by the form homologous with the posterior 
teeth of the upper jawH of C"chliodu» and allied genera. A single, 
nearly perfect specimen from the Carboniferous limestone of Vesi, 
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Belgium, in the De Eoninck collection, belonging to the Mnsenm of 
Comparative Zoology, at Cambridge, bears the manascript name, 
Tieniodiu contartus, de Kon? The characteristics which distingnish 
this specimen are intimately reproduced in the American samples 
hereinafter particularly noticed, and which constitute a well-defined 
form, for which we have adopted the unpublished appellation be- 
stowed upon the typical species recognized by Dr. de Koninck. The 
relations of these teeth are apparently near Psephodui, from the 
supposed maxillary median forms of which they are indeed chiefly 
distinguishable by the pronounced differentiation of the coronal con- 
tour, in which respect they approach nearer certain remote forms 
of typical Cochliodonts, e. g., Stenopterodus. 

The American species are readily distinguishable from the con- 
generic Belgian species, T. contortus, de Kon. The latter is remark- 
able for its comparatively strong inrollment, slightly depresaed 
posterior coronal slope ; in general proportions and outlines it bears 
closest resemLlance to the Chester teeth, T. ohliquu$. 

The genus is known only from Carboniferous strata, of which, 
besides the typical European representative, there are authentic de- 
terminations of three species from America, all from the Lower 
Carboniferous series. 

TiENioDus FACUTus? (N. and W. sp.) 

PI. XIIT, Fig. 9. 
DeltoduB faciatun, Newberry and Worthen. 1870, III. Geol. Burv.. IV. p. 966. PI. HI, f, 17. 

Maxillary posterior tooth attaining large size, elongate snbhrhom- 
boidal in outline, gently arched in the direction of inrollment. 
Antero-lateral border relatively short, obliquely produced outward 
and forward at an angle of about 25'' with a line connecting the 
inner angles of the tooth; postero-lateral border very gradually 
converging toward point \ot inrollment with a gently arched course 
— character of coronal fold and basal rim not known in either 
border ; inner margin making nearly a right angle with the postero- 
lateral border to a point about midway, where it is abruptly 
rounded and deflected forward with a slightly concave course thence 
to the obtuse anterior angle, worn specimens beveled inferiorly. 
Crown surface chiefly occupied by the posterior prominence, which 
presents a broad gently convex slope rising from the postero-lateral 
boarder into the crest, the opposite side more abruptly descend- 
ing and merging into the shallow depression occupying the anterior 
portion of the crown; the surface is more or less strongly marked 
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by transverse undulations conforming to the inner margin, the 
narrow intervening grooves showing coarse and irregularly elongate 
punctse which elsewhere present at the triturating surface merely 
circular orifices spaced by twice or thrice their own diameter. The 
original specimen measures in transverse diameter between the 
inner angles about 88 m m. ; greatest length above 60 m m. 

The above species was originally described from a unique imper- 
fect example, and the very few subsequent accessions are even 
more fragmentary, and none are sufficiently entire to give the exact 
proportions of the perfect tooth. The fragments are, however, 
readily recognizable by their peculiar coronal contour and transverse 
undulations. In the light of these imperfect data, there appears to 
be specific identity between the Keokuk teeth and a couple of 
fragments of the same forms discovered by Mr. Van Home in the 
Warsaw beds; the Keokuk specimens are more worn and present a 
less strongly undulated surface than obtains in the Warsaw 
examples, which otherwise, in outline, proportions and general 
coronal contour, agree well with the Keokuk teeth. A fragment of 
another specimen, from the St. Louis formation, near Pella, Iowa, 
representing a tooth of the ordinary size attained by the present 
species, is also undistinguishable from the individuals just mentioned. 
The present form presents marked contrasts with that noticed from 
the Chester formation under the head of Tcmiodiis obliquns, as 
remarked in the observations appended to the diagnosis of the 
latter species. 

Geological positions and localities : Keokuk limestone, Warsaw and 
Hamilton, Illinois. Also, sp. ?, Warsaw limestone, above Alton, 
111.; and sp. ?, St. Louis formation, Pella, Iowa. 



Tjbniodus regularis, St. J. and. W. 

PI. xra. Pi«. 11. 

Teeth of large size. Maxillary posterior (?) form subhrhomoidal 
in outline, moderately arched in the direction of inrollment. 
Antero-lateral border very oblique in its forward and outward 
course, the coronal belt nearly vertical and comprising half 
the height of the border, a slight sulcus defining it from the basal 
portion, the inferior edge of which is broken away; postero-lateral 
border almost parallel with the opposite side, making an angle of 
about 65° with a line drawn between the angles of the inner 
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margin, coronal enamel apparently forming a narrow fold, basal 
border not preserved; inner margin broadly arched from the 
subacute posterior angle round the base of the coronal promineneey 
thence with a slight concavity on the way to the obtuse anterior 
angle, worn specimens inbeveled below. Two-thirds or more of the 
coronal surface is occupied by the posterior lobe or promineneey 
which is gently and regularly arched transversely, the anterior 
slope descending into the very shallow concavity of the anterior 
portion of the crown, which is abruptly truncated at the artictdar 
l>order; surface marked by irregularly spaced transverse nndula- 
tiouH, which arc nearly obsolete in worn specimens, and producing 
a banded appearance conforming in outline to the inner margin; 
the puncta* are small, moderately closely arranged and uniform, 
save in the axes of the trauHverse furrows where they often present 
irregular elongate orifices. The surface of the dense inferior layer 
is smooth or irregularly striated longitudinally. The tooth is very 
thick and massive beneath the coronal prominence, whence its sub- 
stance gradually diminishes in thickness towards the lateral 
borders. Greatest breadth of tooth across the inner margin 46 
m m, length of antero-lateral border to point of enrollment proba- 
bly nearly 22 m m, or in the neighborhood of two-thirds that of the 
postero-latcral border. 

The description is founded upon a unique example purporting to 
have been derived from a locality on the Warsaw limestone near 
13edford, Indiana. The tooth is unmistakably congeneric with the 
form noticed under the name Tteniodus fasciatusy but representing a 
somewhat larger and more entire individual. It is, however, 
specifically distinguishable from the latter by the proportionately 
greater breath and transversely more regularly arched coronal 
prominence, which does not exhibit the sudden deflection in the 
course of the transverse undulations noticeable in the above cited 
species. 

Geological position and locality : Warsaw limestone, near Bedford, 
Lawrence County, Indiana. 

T^NiODus OBLiQUUs, St. J. and W. 

PI. XIII. Fig. 10. 

Maxillary posterior (?) teeth of medium size, obliquely trapezddal 
in outline, somewhat strongly arched from within outwards. Aniens 
lateral border obliquely produced outward and forward at an waof^','-, 
of about 20"" with a right line connecting the inner angles of tiijf^r 
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tooth, coronal enamel forming a narrow belt rounded to the basal 
border, which was probably of shallow depth ; postero-lateral border 
converging toward point of inroUment at an angle of about 35"^ with 
the opposite border, and similarly defined by the rounded enamel 
fold, which in both borders shows indistinct traces of minute crenu- 
lation, basal rim in either border not known; inner margin making 
a broad sigmoidal curvature, broadly arched round the base of the 
coronal prominence from the subacute posterior angle, with a moder- 
ate concavity in parsing to the obtuse anterior angle, in worn speci- 
mens inbeveled inferiorly. Coronal prominence occupying three- 
fourths of the entire area of the crown surface, moderately elevated 
and broadly arched transverely, the broader slope regularly rising 
from the postero-lateral border into the nearly median low crest and 
slightly more steeply sloped into the shallow depressed belt occupy- 
ing the anterior portion of the surface; the coronal surface is 
traversed by strong, more or less regularly spaced undulations 
parallel with the inner margin, the intervening sulci occupied by the 
irregularly elongated orifices of the medullary tubes which elsewhere 
appear as minute circular pits, spaced by three times their own 
diameter, surrounded by low rims with faint stellate radiations; in 
worn surfaces the transverse undulations become obsolete, though 
the position of the sulci is still plainly discernible by the parallel 
bands of coarse pores. Greatest lateral diameter of a medium size 
tooth SO m. m., length along antero-lateral border to point of inroll- 
ment about 15 m. m. 

The above described form which was discovered by Dr. Hambach, 
is represented by three individuals, all belonging to the right ramus 
of the upper jaw, one only presenting a nearly entire tooth. This 
is sufficiently perfect to permit satisfactory comparison with con- 
generic forms and the discrimination of its specific peculiarities. 
Intimately allied to the earlier occurring species, it is at the same 
time distinguishable from that described from the Warsaw horizon 
of Indiana, Tceniodm regularis, by its relatively narrower propor- 
tions and more oblique outline; "it differs from T. fasdatics, of the 
Keokuk formation, as also the form provisionally identified with 
that species from the Warsaw beds above Alton, both in its greater 
obliquity and transverse diameter. At the same time it bears a 
general resemblance to the Belgian species T. contortus, De Eon., 
which latter, however, is relatively longer, the enamel fold of the 
lateral borders much more strongly developed, and in the distinct 
depression of the posterior slope of the crown surface. 
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GeoUygical position and locality: Chester limestone, Chester, Dli- 

nois. 

Gknus VATICINODUSS St. J. and W. 

The distribution and investigation of the materials illnstrating 
Deltoptychius and allied genera, have brought into prominence homol- 
ogous forms of teeth which range themselves under a group appar- 
ently characterized by persistent features, in contradistinction to 
Di'ltoptychim on the one hand, and Stenopterodus on the otlier, 
and which, if we are correct in inferring their generic distinctness, 
offer a premonition of the later differentiated Orthopleurodta^ etc. 
Unfortunately, however, the state of preservation of the material 
illustrating these forms is in no instance such as leads to indubita- 
ble conclusion in regard to their generic distinctness from Stenop- 
terodm. Hence the various specific categories into which the forms 
from the several formations readily resolve themselves, are pro- 
visionally recognized under the above generic designations. 

The forms above referred to represent the posterior teeth of the 
upper and lower jaws. The maxilliary form is in every respect like 
the corresponding teeth of DeUoptychuis, save in the apparent 
absence of the least vestige of the presence of the secondary lobe, 
the entire anterior portion of the tooth forward of the posterior 
prominence presenting a plain surface, such as obtains in Stenop- 
terodus. The anterior-lateral border is probably truncated from the 
inner angle slightly obliquely outward and forward, in which respect 
it differs from the prevalent condition observed in typical DtUop- 
tychlus and Stenopterodus. The mandibular form is also in general 
outline and contour like that of the former genus; but the indi- 
viduals here referred to do not preserve a trace of the narrow plain 
belt such as in Deltoptychius, distinctly defines the median lobe from 
the edge of the abrupt antero-lateral border. In the latter particular 
the teeth referred to bear striking resemblance to the mandibular 
posterior form of Ortliopleurodus. As all of the few examples of 
this form are represented by evidently worn individuals, it cannot 
be denied that they may be merely abraded teeth of Deltoptychius, 

With one or two exceptions, the species noticed in this connection 
are unquestionably distinct from those hereinafter described under 
the head of Deltoptychius. These possible exceptions relate to the 

^Vaticinns, prophotioal; odou3, tooth. In ullusion to its being tho supposed earliest of 
the Cochliodonts. 
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species noticed respectively from the St. Louis and Chester forma- 
tions, as will be remarked further on. The earliest representative 
occurs in the upper horizon of the Kinderhook formation, the Upper 
Burlington, St. Louis and Chester each contributing representative 
forms, while a single form from the Upper Coal Measures, and one 
from the Lower Coal Measures, are with doubt here referred. The 
Kinderhook and Upper Burlington afford the typical representatives, 
being represented by examples which it is diflScultto believe ever 
possessed the distinctive characters essentially attributed to Deltop- 
tychius. We owe to the kindness of Lord Enniskillen opportunity to 
compare, from drawings, a magnificent tooth derived from the Car- 
boniferous limestone of Oreton, in Shropshire, England, and belong- 
ing to the museum at Florence Court, Ireland. The latter tooth 
shows a large example, above four inches in its greatest diameter, 
and of proportionate dimensions, of the maxillary posterior form. 
So far as it is possible to judge from the drawings, it possesses pre- 
cisely the coronal contour characteristic of the teeth of the corres- 
ponding form noticed in the following pages. The resemblances in 
common between the Shropshire and the Kinderhook teeth are 
especially pronounced, neither the one nor the other would be mis- 
taken for a typical Deltopty chins. In both examples the posterior 
prominence is obscurely defined from the plain anterior region, 
which shows not a trace of secondary lobe. The genus may also 
include the tooth described by Dr. L. de Koninck^ under the name 
Streblodua tenerrimus, from the Lower Carboniferous deposits of Tour- 
nay, Belgium. 

Again, if the evidence be fairly admissible, the forms here especi- 
ally referred to, offer some most interesting suggestions bearing on 
the derivation of allied and coexisting generic forms. That referred 
to under the name Vaticinodus vetustus, from the Kinderhook, rep- 
resents the earliest species not only of this particular group, but 
also of typical Cochliodonts. Passing up into the Upper Burlington, 
next is met with an apparently congeneric form V, discrepans. Dur- 
ing the latter epoch Chitonodus, the immediate precursor of Cochlio- 
dusy was introduced, and also Deltoptychius and Stenopterodus, The 
latter is plainly a somewhat more pronounced differentiation, while 
Deltoptychius holds an intermediate place between the primal groups 
and Stenopt^rodus. 

(Note.) ^ Fauno calcaire Carbonifdre de la Bel^ique, II, p. 55, P. VI, f. 13. 
-6 
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Vaticisoih^ \XTrsTrs, St. J. mud W. 

r.. uu riu:. I. 

Tbe unique euuiiple of tbe prv^sent spc^^ies repr«««Ats m Uige pos- 
terior ux4h lie}< •coring to the k-ft ramus of the upptf jmv. It is 
rilipiMd or spstolsse in proertl oatliiK'. modersieh- airhed kngi- 
tTidixullT, snd sppaoentlT suongH inioliled slong the outer msigiii , 
l«niinjain£r postenorir in s fhsrplT-ixMUKfei sn|de fanned bj the 
posterior IttssI spur, vhich extends conspiraoaslT keyond the ^''Wi'n^ 
limits, sn^ of obtiqiutT of tbe snteixvlateiml border not shown, but 
eriiaitlT fv^rv^trd from the inber ande. Tbe tooth is oansidenbly 
thiekeswii in tbe ne^pon of the pos^serior border, iu sohslaiKe npidl j 
diminishing in the oppcisite iii>ect>oxi. cd so^oont of vhirh the sole- 
rior srticiiisr Kyrdr^ i« lislve Xc* m;:iilstioc. as is the <«Ae in the 
pi>K)mt exsaple. Tbe tcssaJ jim skcg the pM:terc^ls2eral b o sd e t 
forms s pniadiKiit piscf :cm j^i^ytfttns: lipycod the (Kmoal borda* for 
hsif the dif^aane- tovura the p:d:t ci mzv^ilzDent. the occtvial enamel 
forniing a b«iTT iv^aiei zil^tTriei r*rh iifT^nrtir iiefz^ fmn the 
ha^ portirci. -vtiri laner alsc< f.irSiS a 3c«rp l^critr akpi! the 
mazxriL of ibe ivV^. Inftrj:? >ijfa.f* mai^M i y icterrciitod 
v«TiMo» fona. fi:ci:gTrT.c n iirc»ftkt to that ^i ihr imoQBent of 
tbe tvvoi. T:>t trc^rz, ^tlI re^tanif aj-oi: tbe irj^r maccin the or^ 
itjlI rw^s^iTii: ^x c<:i<irr j^atthL tbe >ziuxih azid c«rw? retism exhibit- 
:tk Tc,*«>psfCTr 5tCTj*rf :c v^az" rr.iiL "Hi*. aaa fan pisicuse jCrortaic^ 
:T.T)i: ritarr-r. i,>r:r.':^^ 3t-±Zft*d fr:ci tbt riasit ':y ibe Trmitf of 
er*ar&el xAtzir asi niartt*: ":t jiaraljel ]rD€s c£ iT:*vtt: 
r'r.*.r-.T.'5iJ^* .vrrTr:r:r T^rLLH>? .*r>£-TiLira tbf iaVTsZ ^iamcicr of tbe 
rr;*T.. T>rt^T:.r:£ a :c:*i. l-'if ?:ii:Tt\:rr £iiT;<^wd aj.-mc the <xeBt 
*T>i >»7r?-'*bi"; itTtrt-^f^ei rr:»TL v::l:r :»Lrsara?v. ^inrf rt iDfnns into 
*.>! S.c^rr ar:^r»:c i^r-ia. '•■jlj i jax^t-r :> fanxfil asd -v^itbran ki^iv 
?.7.^v.a. ::ii,^>.. yr-in tIt >i.r:a^^ :vcJ:inufc::f.c. a3>il ^ii^^tiAL of in- 
r.t.'iT.v..:. :; :^ sa:t *; .i,'v: iia > iil«: viib: .•!i*:j:;at .-^sni^fcrc and for- 

r.Tw:<rs. gri-aii^ i«tar:x utta: iLsadit :»:' w«i aj^-vif: a hue 
V tbe ^-unr.Txjcmal aiif <!^ il n.. 

^v^ ^aVs t«:c ilK'^y tifc! mLi'mr »rT ♦: tiM :*bar»rt*c :i: tin 
:avni :or.\MC :«;itCTr-h«^ T>tf >:i:-":n»:*T 7vrTr.:'r> ;»: satj5ca:»T>Trr 
T»fcr;s.<T »■.;.! a^.ii^i *-flir^'i»vrj: *t-rui •: u>« ia:3iC uhcy a^giiiais to 
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be a strong resemblance to the large tooth found at Oreton, in 
Shropshire, drawings of which were kindly communicated by Lord 
Enniskillen, showing a tooth of nearly equal dimensions and differ- 
ing chiefly from the present form in the less prominent and well 
defined posterior coronal lobe, and perhaps less massive proportions 
in the region of the coronal prominence. The latter form we are 
not aware has been described. The distinctions of the present form, 
compared with the smaller forms hereinafter described, need not 
receive further notice in this place. The Belgian Carboniferous 
tooth described by Dr. L. de Eoninck under the name Streblodus 
tenerrimus, is under medium size, and is further distinguished from 
the present tooth by its relatively narrower posterior prominence 
and stronger sph-al inrollment. 

Oeclogical position and locality: This unique example was derived 
from the uppermost bed of the Einderhook series exposed in the 
banks of Long Greek, a tributary of Skunk river, Des Moines Co., 
Iowa. 



Vaticinodus DisoBEPANS, St. J. and W. 

PI. m. Piff. % 3. 

The collections contain three or four examples of maxillary pos- 
terior teeth, which, although in a fragmentary state of preservation, 
apparently differ from any of the associated species thus far made 
known from the Upper Burlington horizon, in which the present 
form was discovered by Mr. Springer. They are evidently referable 
to the above genus, and offer the following distinctive features, es- 
pecially compared with the much more prevalent forms of Stenop- 
terodus planus, with which they are associated, and for which they 
are most liable to be mistaken: Attaining a larger size, the teeth 
are specially distinguished by the much more rapid convergence 
of the postero-lateral border, and the consequent greater ob- 
liquity of the coronal prominence, which presents a broad, very 
slightly convex posterior slope, and abrupt declivity in front, where 
it is defined by a slight angulation from the plain anterior area. 
The inner margin is more sharply rounded in the region of the base 
of the coronal prominence, slightly concave or constricted in front, 
and thence to the obtut^e anterior angle it pursues a gently arched 
or nearly direct course. The coronal surface shows minute, closely 
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Bct puncta) ; toward the inner margin the enamel layer is nndnlated 
by transverse lines of growth. The absence of distinct longitadinal 
arrangement of the punctie also contrasts with the above named 
species. A mature individual attains a breadth across Uie inner 
margin of 27 m m., and a length along the antero-Iateral border of 
probably 10.5 m m. 

We have thus far failed to recognize other and probably associate 
forms of the above species, so that it is impossible to say bow in- 
timate its relations are with the teeth that constitute the represent- 
ative forms of the allied genus Stenopterodm. The general outline 
and the obliquity of the coronal prominence ofifer striking resem- 
blances to Deltoptychius, but the absence of the secondary lobe 
anterior of the principal prominence precludes its reference to that 
genus. 

Geological position and locality: Upper Burlington limestone fish- 
beds; Buffington creek, and Augusta, Iowa. 



Vaticinodus? simplex, St. J. and W. 

PI. IV. Fig. 22-36. 

Teeth of small size. Maxillary posterior teeth subelliptical in 
outline. Antero-Iateral border somewhat obliquely truncated from 
the obtuse inner angle forward to point of inrollment; postero- 
lateral border very rapidly converging from the sharply rounded 
posterior extremity toward point of inrollment, forming, an angle of 
20^ to 8(y with the opposite border, making a broad gentle arch; 
basal border channeled and posteriorly produced into a thin rim 
which extends beyond the limits of the inbeveled coronal border; 
inner margin in front nearly parallel with the postero-lateral 
border, strongly and abruptly arched round the base of the coronal 
ridge to the posterior extremity, basal portion relatively deep and 
placed in the same plane as the crown from which it is defined by 
the inbeveled inferior belt of enamel. Coronal region moderately 
arched in the direction of inrollment, posterior lobe occupying 
rather less than half the lateral diameter of the crown, very 
oblique, and sufficiently well-defined in front, moderately arched 
transversely with a slight depressed belt along the postero-lateral 
border; anterior portion or neck nearly plain, or very faintly con- 
vex transversely, with an obscure revolving sulcus margined by a 
narrow plain belt along the antero-Iateral border, — ^in worn 
examples, even the posterior lobe is imperfectly defined in front 
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from the plain anterior neck. Surface along inner margin often 
preserving the external coating of dense opaque enamel, with more 
or less distinct lines of growth; otherwise the surface exhibits a 
minute pitted structure produced by the relatively widely-spaced 
punctse. A mature tooth measures in greatest width between the 
inner angles 10 m m.; length of antero-lateral border to point of 
inrollment 4.5 m m. 

Thus far only the posterior teeth of the upper jaw have been 
identified. The fragmentary condition of the majority of the speci- 
mens often renders their identification with one another a difficult 
matter, not to mention the necessary comparisons in order to 
determine their relationship with other similar forms occurring in 
the same strata. In their general aspect these teeth bear a striking 
resemblance to Deltoptychius expansus; but they may be dis- 
tinguished by the absence of the median sulcus and subordinate 
ridge in front of the posterior coronal prominence, and specifically 
by their narrow transverse diameters. 

Associated with the above mentioned teeth, certain forms repre- 
senting the mandibular posterior teeth occur, which might be mis- 
taken for more specimens of the homologous form of Deltoptychius 
expanstis. NQue of the latter specimens are in a state of preserva- 
tion to show their distinctive features with sufficient clearness to 
dispel all uncertainty in regard to their generic relations. Their 
coronal region is divested of the superficial enamel coating, expos- 
ing the minute close punctate structure such as appears in worn 
surfaces, and presenting a nearly plain coronal prominence without 
subordinate narrow belt along the antero-lateral border, as occurs 
in typical examples of Deltoptychius; in the latter respect these 
teeth approach the corresponding form referred to Orthopleurodus, 
and while we are in doubt as to their actual affinities, they are 
provisionally placed in the present specific association, of which 
characteristic examples of both forms are presented in the illustra- 
tions. Compared with the homologous teeth of Deltoptychius expan- 
suSy they are further distinguished by the less oblique backward 
course of the inner margin, which forms nearly a right angle with 
the antero-lateral border, the appreciably narrower and less up- 
raised alation, which is marked near the border by a slight furrow 
or angulation from which rises the narrow marginal belt along that 
side, and which is inbeveled to the channeled basal portion. The 
deep antero-lateral border is abruptly truncated, half its height 
enveloped in the belt of coronal enamel, which is well defined &om 
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the downward and slightly oat ward prodnced basal rim. A medinm 
sized tooth measures between the angles of the inner margin 5 
m m, and about the same as the length along the antero-lateral 
border. 

Geological jyosition and localities : St. Louis formation : St Louis, 
Mo., Alton, 111., Pella, Iowa. 



Vaticinodus? similis, St. J. and W. 

PI. IV. FIk. 17 19. 

Maxillary posterior teeth very small, subspatulate in outline, very 
obliquely inrolled. Antero-lateral border with moderate obliquity 
outward and forward, coronal fold very narrow and inbeveled to the 
shallow, channeled basal rim ; posterolateral border slightly arched, 
basal portion channeled and limited above by the inbeveled coronal 
fold, posteriorly expanding beyond the coronal border terminating 
in the sharply-rounded posterior extremity; inner margin abruptly 
and deeply arched from the posterior angle round the base of the 
coronal prominence, thence more gently curved to the obtuse 
anterior angle. Coronal prominence occupying about half the 
entire area of the crown, moderately and regularly arched trans- 
versely, culminating in the low rounded crest near the anterior 
side where it is more or less well defined from the plain anterior 
area into which the slope merges. Surface closely and finely punc- 
tate, the anterior region showing faint revolving plicfe. Breadth 
between the angles of the inner margin about 9mm.; length 
along antero-lateral border probably 3 mm. A large tooth 
measures 22 m m. across the inner margin, and 6 m m. at the 
antero-lateral border. 

With the above described form occur teeth referable to the opposed 
position on the lower jaw, and which may have been associated 
with them. These teeth might readily be mistaken for worn 
examples of the mandibular posterior teeth of Deltoptychius, which 
they closely resemble in outline and contour of the coronal region. 
The specimen figured presents the usual appearance of the form, 
which has a triangular outline, the antero-lateral border slightly 
curved, with abrupt mural face, half or more of its height envel- 
oped in the enamel belt which is distinctly defined from the slightly 
flaring basal rim; inner margin nearly at right angles with the 
anterior border, broadly arched in a slight sigmoidal course passing 
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to the posterior angle; postero-lateral border, basal portion chan- 
neled and expanded behind. The principal lobe occupies something 
less than half the transverse diameter of the crown, presenting a 
nearly plane or slightly convex slope to the abrupt anterior edge, 
along which should lie the distinctly defined narrow, plain belt did 
these teeth belong to Deltoptychius, and where, indeed, in some 
specimens a faint depressed line does occur, a character in accord- 
ance with the homologous form of the latter genus; posteriorly the 
slope more abruptly despends into the wide posterior depression, 
along the outer border of which lies the rather suddenly upraised 
posterior wing. The surface presents a similar punctate appearance 
noted in connection with the before mentioned maxillary teeth. 
Breadth across inner margin, 5 mm; length of antero-lateral bor- 
der to point of inroUment, about 5 mm. 

The maxillary teeth above noticed present an approach to the 
straight postero-lateral border characteristic of Orthopleurodus ; but 
here the resemblance ceases, for the border is gently arched, and 
the position of the posterior lobe, or rather the anterior culmina- 
tion of its crest, determines its relations with the present genus, 
should it prove not • to be referable to Deltoptychius. Their exist- 
ence, however, is extremely suggestive of the derivation of the coal- 
measure genus, although there seems to be evidence that the present 
genus survived the introduction of Orihopleurodus, along with which 
its supposed representatives are found. 

Compared with the previously described forms from the St. Louis 
limestone, V. simplex, there exists the most intimate relationship, if 
not actual specific identity, the chief distinction consisting in the 
apparent greater robustness of the present teeth. 

With the above observations, until more complete materials shall 
have been acquired, the determination of the generic identity of 
these fragmentary dental remains will necessarily remain for the 
present in a state of uncertainty. So intimately are the species of 
VaticinoduSj Stenopterodvfi and Deltoptychius linked together, that it 
might be anticipated the more differentiated forms of Orthaplewrodua 
may have had ancestors in direct line as early as the time when 
the sediments of the St. Louis and Chester formations were in 
process of deposition. 

Oeological position and locality : Chester limestone, upper fish-bed 
stratum; Chester and Evansville, Illinois. 
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Vaticinodvs? cardonasiub, St. J. and W. 

n. IV. Flir. ». 

Uaxillary poaterior teeth below medium size, irregnlarly obloog or 
subspatiilate in outline, moderately arched from within oatwards. 
Pofitero-lateral border somewhat rapidly coDverging from the acutely 
rounded posterior extremity to the point of inroUmeot, the nairow 
enamel fold inbeveled and distinctly defined from the rather widely 
expanded basal rim, which projects gently downward and outward 
beyond the coronal limits ; antero-lateral border not preserred ; 
inner margin apparently broadly and regularly arched, inbeveled 
inferiorly. Coronal prominence occupj4ng half, perhaps more, of 
the crown surface, obscurely defined in front from the plane anterior 
area, gently arched transveraely with the wider slope posterior of 
the low crest. Worn surface minutely and closely punctate. 

The present species is recognized from a single specimen belong- 
ing to the left ramus of the upper jaw. Unfortunately it ia muti- 
lated, not displaying the character of the antero-lateral border, and 
[be coronal sui'face is so disfigured by attrition as to obscure the 
original contour. Its relations, however, seem to be with the teeth 
arranged under tlie present generic formula, of which it is an inter- 
esting recurrence in the uppermost groups of the Carboniferoaa 
series. It is, however, possible that it may prove to be generieally 
allied to Stenopterodus, Worn specimens of the corresponding form 
of the St. Louis species, S. parwlus, would' indeed be difficult to 
distinguish from the present unique example. 

Oeological position and locality -. Lower Coal Measnres, roof of coal 
No. 5, of the Illinois general section, CarlinviUe, lUinois. 

Vaticikodds? lepib, St. J. and W. 

n. IV. FU, !!i. 
Posterior tooth of the maxillaries of small size, subrhomboidal in 
outline. Antero-lateral border very oblique in forward and oatward 
course, making a comparatively slight angle with the inner margin, 
which is broadly arched to the obtusely rounded posterior an^e; 
poatero-lateral border gently arched, converging toward the point of 
inrollment at an angle of 80°, more or less, with the opposite 
and parallel with the forward half of the inner mai^, baaal] 
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tion channeled, positively extended beyond the limits of the narrow 
inbeveled fold of the coronal enamel ; the antero-lateral border simi- 
larly defined. Posterior lobe of the crown gently arched transversely, 
in front merging into the plane anterior surface from which it is 
apparently obscurely defined. Surface, along the inner margin pre- 
serving the dense enamel layer, with distinct lines of growth parallel 
with that margin; the worn triturating surface showing a minute 
punctate structure, the pores of extreme minuteness and relatively 
widely spaced. Greatest breadth across inner margin 9.5 m m, the 
basal spur extending a millimeter farther ; length along antero-lateral 
border about 4.5 m m. 

Only a solitary example of the present species is known to us. 
The coronal contour, although much worn by use, presents charac. 
teristics consonant with Vaticinodus, specifically differing from its 
Coal Measure congener V. carhonarius, by the relative great diame- 
ter in the direction of inrollment, the broad and uniformly arched 
inner margin, also the more obscure definition of the coronal promi- 
nence. The arched condition of the postero-lateral border, and the 
entirely dissimilar coronal contour distinguishes the tooth from the 
homologous form of OrthopUurodus, with which it is associated in 
the same deposits. 

Geological position and locality: Upper Coal Measures ; upper lime- 
stone at LaSalle, Dl. 

Genus DELTOPTYCHIUS, Agassiz. 

Deltoptychius, AgaRSiz. MSS., 1859. etc., D, iCochliodua) acutus, Ag, 

Teeth possessing the general characteristics attributable to the 
family Cochliodontidse. 

Posterior teeth of the lower jaw trigonal in outline, generally 
strongly built, and moderately arched in the direction of inrollment. 
Antero-lateral border partaking of a slight sigmoidal curvature in 
consonance with the spiral inrollment of the tooth, defined by a 
nearly vertical wall forming at the brink a right angle with the 
superior crown surface, and enveloped to a greater or less extent ip 
the coronal enamel which usually constitutes a slight inbeveled fold 
well defined from the basal portion; postero-lateral border more or 
less oblique to the opposite border, toward which it converges at the 
outer extremity, defined above by a shallow enamel fold, beneath 
which the basal rim projects downward and outward, terminating 
posteriorly in a more or less produced spur; inner margin broadly 
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rounded or sigmoidally curved from the obtuse anterior angle into 
the more acute extremity of the posterior wing. Coronal contour 
presenting three divisions, all regularly naiTowing toward the OQter 
extremity, viz: In front, a naiTOW transversely plane belt; a more 
or lesR prominent median ridge defined in front by a slight angula- 
tion from the anterior belt, and sloping posteriorly into the broad 
depression from which rises the more or less laterally expanded 
posterior win^, — well preserved teeth also showing a slight angola* 
tion on this side of the median lobe where it joins the posterior 
depression. 

Posterior teeth of the upper jaw subspatulate in general outline, 
terminating posteriorly in an acute angle or spur, antero-lateral 
border truncated generally obliquely outward and backward, strongly 
inrolled along the outer margin for two-thirds the distance from the 
anterior extremity. Crown defined from the base by a shallow in- 
beveled fold along both the antero — and the postero — lateral borders, 
the basal portion in front nearly vertical or somewhat channeled, 
projecting downward and outward behind where it forms the spur 
at the extreme posterior angle. Coronal region showing a depressed 
posterior prominence, in front of which less or more remote, a 
smaller secondary ridge, separated by a plain intervening furrow, 
and having an oblique course from the within outward in conformity 
with the direction of inrollment; anterior neck generally smooth, 
destitute of marked revolving ridges or furrows, and gradually con- 
tracting toward the truncate anterior border, where the vertical 
depth of the tooth is at the minimum, in consequence of which the 
anterior border is extremely liable to mutilation as is shown by the 
rarity of entire examples of this form. 

The maxillary posterior form is immediately succeeded in front by 
at least one series of teeth, consisting of transverse coronal ridges, 
which together present a trapezoidal outline, the posterolateral bor- 
der articulating with the posterior tooth nearly straight and forming 
a right or obtuse angle with the inner margin, antero-lateral border 
more or less obliquely converging towards the outward extremity. The 
coronal ridges present a series of parallel crests, vertically convex 
behind and concave in front, which in general possess to some 
extent characters in common with certain forms of teeth, which have 
been variously referred to the genera Helodus and ChanuUydus. 

Coronal surface presenting the usual enamel coating; worn sur- 
faces punctate. 
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The various forms of teeth constituting the dentition of Deltopty- 
chius have been in all cases recognized from isolated detached 
specimens, save in the instance of the maxillary posterior and median 
serial teeth. In the latter we have authentic evidence of specific 
identity, in the discovery by Mr. Wachsmuth of a specimen show- 
ing the teeth in actual material juxta-position. Wherever the one 
form occurs there also is found the others, and taking this fact into 
consideration and what is known of the various forms of teeth be- 
longing to the genera Cochliodus, OrthoplevroduSy etc., the association 
here conjectured seems to be amply warranted. The genus as here 
defined bears intimate relationship with CocMiodtis and Chitonodus, 
holding an intermediate position between the latter and Vaticinodvs 
and StenopteroduB. It is, however, distinguished from the former by 
peculiarities in the coronal contour of the maxillary posterior teeth, 
and the greater obliquity cuneate outline of the mandibular posterior 
form, but chiefly in the character of the enameled abrupt antero- 
lateral border of the latter form, which in Cochliodus presents a 
narrow fold precisely like that along the postero-lateral border, also 
as occurs in either lateral border of the maxillary posterior form. 
This, in view of the uniformity of the articular borders in the vari- 
forms of Cochliodus, Chitonodus and their intimate allies, might be 
regarded as inconsistent with the conjectured association of forms 
in the present generic group of teeth. But after all it seems in 
some sort to foreshadow or form a transition from the true Cochlio- 
du8 type to that of Pascilodus, the mandibular posterior form of 
which possesses much the same character of steep enameled antero- 
lateral border as obtains in the homologous form of the present 
genus; in both of the latter genera the articular border of the 
opposed maxillary form partakes still to a most intimate degree of 
the character of typical Cochliodus. 

The genus is apparently confined to the measures of the Lower 
Carboniferous period, representative species occurring in each of the 
successive formations beginning with the Upper Burlington, and 
includes the form described by Dr. Leidy under the name Coch- 
liodus nitidus, of the Chester formation.^ 

According to the above interpretation of the facts, the genus pos- 
sesses precisely similar diagnostic terms distinguishing the form 
referred by authors to the "anterior" tooth of Deltoptychius acutus, 

^TraoB. An* PhD. BoOm vol. xi, p. 87. PL y, f . 2. 
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« 

AgasH.y of the Mountain limestono of Ireland; and almost to the 
same degree the maxillary posterior form named StreUodui CoUi, 
Agass., MSS., 1859, from the same deposits. The so-called 'Hermi- 
nar* tooth, which authors have associated with the first named 
form, is strictly more intimately related to Parilodui, and is homologous 
with the mandibular posterior form, as shown by the alate postero- 
lateral border, and although destitute of transverse undulations or 
imbrications, it partakes in a marked degree of the coronal 
conformation distinguishing the latter genus. Hence we are strongly 
impressed with the conviction that the two forms heretofore associated 
under the designation D. acutus pertain to quite distinct generic 
categories, and that there exists strong probability of the generic 
identity with the present forms of the teeth referred to under the 
term StreUodus CoUi, and their possible specific identity with the 
mandibular posterior (so-called '^anterior'') teeth of Z>. acutut. The 
typical form of Strehlodus Colci, however, presents distinctions which 
might readily be regarded as emphasized specific variations, as 
compared with the maxillary posterior form of Cocldiodus eontortus, 
Agass., {Strehlixhis ohlongm, Agass.) ; and at the same time it pre- 
sents an extreme departure from the normal characters distinguishing 
the same form which is here ascribed to representative American 
species of Deltoptychius. From the latter the Irish form is distin- 
guished by the considerable breadth of the depressed interval 
separating the narrow secondary lobe from the posterior coronal 
prominence and the consequent relatively narrower anterior neck, 
which latter is nearly plain and terminated precisely as above de- 
scribed. It will, therefore, be observed on close inspection of the 
Irish and American forms that, while they differ in the above 
respect, they are more intimately related to one another than the 
former is with the maxillary posterior tooth of Coch. contortug {Streb, 
ohlongusy) and it is on these grounds we have been led to suggest 
its generic identity with Deltoptychius, as herein amended. The 
Irish form referred by authors to the '^terminal" tooth of DeUoptg- 
chius, is not met with in this country, unless, as has already been 
mentioned, it should be regarded as identical with the mandibular 
form of Fiecilmlm. Wo are, however, not aware that the Irish local- 
ities have afforded other l\vcilodus forms which might be specifically 
identified with the latter. 
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Dbltoptyohius pbimus, St. J. and W. 

PI. V. Fig. 6-8. 

The dentition of the earliest known species of Deltoptychius is 
represented in the collections by a few imperfect, fragmentary exam- 
ples of the posterior forms of the upper and lower jaws, which 
attain medium size. The mandibular teeth may be distinguished in 
the examples before us by the obscurer definition of the median 
prominence from the narrow belt in front, and shallow depth of the 
enameled abrupt anterolateral border. The opposed teeth of the 
.upper jaw appear to have had the principal posterior prominence 
relatively more convex transversely, producing a more rounded out- 
line in this part of the inner margin than obtains in the repre- 
sentative Keokuk species. In the proportionate prominence of the 
secondary lobe, the present teeth bear greater resemblance to the 
corresponding form occurring in the Warsaw limestone, from which, 
however, they differ in the greater convexity of the posterior promi- 
nence. In size the above noticed teeth are uniformly below that 
attained by the allied forms in the Keokuk limestone, holding in 
this particular an intermediate position between the latter and the 
Warsaw species. 

The examples of the above noticed forms thus far known, chiefly 
from discoveries of Mr. Springer and Mr. Wachsmuth, are few, and 
unfortunately in a very imperfect state of preservation, owing to the 
friable nature of the mineralized dental substance; and while the 
material is insufficient to enable a detailed description of the teeth, it 
affords ample evidence of the generic relations, as also indicating 
the characteristics by which they may be contrasted with congeneric 
forms. 

Geological position and localities: Upper Burlington fish-bed ; Buf- 
fington creek, and Augusta, Iowa. 



Deltoptychius Wachsmuthi, St. J. and W. 

PI. V, Fig. 1-6. 

Teeth attaining medium size. Mandibular posterior form triangu- 
lar in outline, sigmoidally curved along the inner margin, terminating 
in front in a narrow, inrolled beak ; postero-lateral border gradually 
converging toward the outer extremity, showing a deep, nearly vertical 
basal bordary slightly inclined outward, and expanded toward the 
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posterior angle, and marked above by the narrow enameled fold which 
is defined from the basal portion by a sUght channel ; antero-lateral 
border forming a vertical face at the inner angle, gradually eloping 
upward and backward toward the outer extremity, and, save a nar- 
row I>olt along the inferior edge, enveloped in the enamel fold, which 
is also well defined from the basal rim. Coronal region traversed 
longitudinally by a moderately prominent, transversely arched median 
ridge, the axis of which lies nearest the antero-lateral border, and 
sharply defined on either side by an angulation or narrow groove; 
anterior belt relatively narrow, very faintly arched transversely, or 
nearly plane, and scarcely half the width of the median-lobe; pee* 
torior alation alK)ut the same width as the median-lobe, transversely 
concave and merged into the posterior depression from which it 
steeply rises into the produced posterior angle. Surface finely punc- 
tate. Greatest length of tooth along postero-lateral border, 40 mm. ; 
ditte, antero-lateral border, 30 mm. ; breadth across inner margin, 
2S mm. ; greatest height of antero-lateral border, 8 mm. 

Maxillary posterior teeth subspatulate in outline, strongly from 
within outwards, outer margin strongly inroDed; postero-latoral 
border making a broad curve outward and forward from the obtusely 
pointed posterior angle to point of inroUment, thence to the anterior 
angle the outline is slightly concave ; inner margin arched round 
the base of the coronal prominence, and thence nearly straight to 
the anterior l)order ; antero-lateral border slightly obliquely truncated 
from the inner to tbe outer angle, and equal to about two-thirds the 
diameter of the tooth along a line diagonal to the direction of inroU- 
ment across the posterior ridge. Posterior lobe of the crown occu- 
pying little more than one-third the total breadth of the tooth, 
moderately arched transversely, the crest culminating in front where 
the Hurface rapidly descends into the narrow furrow defming it from 
the subordinate ridge, which latter presents a nearly uniform con- 
vexity, gradually narrowing from within outward, and, in perfect 
specimens, defined in front by a distinct though sUght angulation; 
anterior neck nearly smooth, with a few obscure rugose lines along 
the inner margin, destitute of revolving ridges. Breadth of a medium- 
size tooth between the inner angles, 48 mm. ; breadth of tooth across 
the posterior prominence diagonal to the inrollment, 20 mm. ; length 
along antero-lateral borders, 13 mm. 

Maxillary median teeth forming a triangular plate articulating 
with the posterior tooth by the straight postero-lateral border, thA 
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oblique antero-lateral border rapidly converging toward the outer 
extremity, which presents the same degree of inrollment observed 
in the preceding posterior form. Coronal region presenting a series 
of transverse ridges, which individually possess coronal characters 
ascribable to certain forms of Helodus^ a medium-size specimen 
showing five such coronal ridges, whose longer axes correspond to 
longer diameter of the posterior tooth. The individual ridges rise in 
an even convex surface behind, culminating in an obtuse even crest, 
the outer face moderately concave vertically, and invested in the 
enamel layer, save along the crests, which reveal the relatively 
coarse punctate structure. Breadth of series across inner margin 10 
m m. ; length along postero-lateral border 11 m m., corresponding to 
that of the anterior border of the posterior tooth. The proportionate 
dimensions of the individual coronal ridges are represented in the 
illustrations. 

Of the forms above noticed and associated under the same specific 
designation, the collections contain a fair suite of representatives, 
amongst which the teeth referred to the posterior position upon the 
lower jaw are in about double the numbers of those belonging to 
the maxillaries ; while of the small anterior, or median dental series 
of the upper jaw, only a single specimen is known— that discovered 
by Mr. Wachsmuth, at Danville, Iowa. With regard to the latter, 
the resemblance it bears to Helodus elytra, N. and W., of the same 
geological horizon, creates a suspicion of the specific identity of 
similar Helodus-like teeth with the form here alluded to. The 
original specimen of Hehdus elytra, however, apparently shows a 
series of independent, contiguous teeth, in their relative natural 
position, but with their coronal crests worn down almost even with 
the basal margins, so that it is impossible to determine the coronal 
contour, although, as has been stated, we strongly suspect the form 
is identical with teeth, perfect specimens of which have been de- 
scribed under other designations. The consolidation along the basal 
impingement of the separate teeth is precisely what has been noticed 
in connection with other allied forms of this family, and although a 
matter of biological interest and importance, it should not militate 
against the recognition of the specific identity of series of isolated 
teeth and those that are joined by their bases into a solid dental 
plate, as is the case in the above form. 

The maxillary posterior teeth are seldom preserved entire, and the 
attenuation of the anterior region exhibits unmistakable evidences 
of the excessive attrition these teeth were subjected to during the life 
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of their poHseflsorfl. In somo Hpecimens, as that discovered by Mr. 
Wachsmuth, tlu* abraded anterior coronal region presents a eoarsey 
irrrirular punctate structure, characteristic of the vaso-dentine com- 
]>osin^ the hody of the teeth. In mature and mach-wom teeth — 
where the enamel and outer sul>jacent layers have been removed by 
the process of attrition— a similar exposition of the coarse, tubolar 
Btrurture is laid hare all round the inner and outer margins of the 
tooth ; in other examples the abrasion has been carried so far as to 
])rodu('e a deep channelinfr of the surface of the posterior prominence 
in the direction of the long, or transverse diameter of the tooth; 
and in those that ]>reserve the crown surface in a perfect state, the 
enamel along the inner margin, through which the minute, pris- 
matic stnicturc is visible, shows distinct parallel incremental lines, 
more or less sharply ini])ressed, and even reaching well up over the 
crown, producing an irregular, undulated surface, extending alike over 
the posterior prominence and the anterior neck. In well-preserved 
specimens the secondary lobe in front of the principal coronal prom- 
inence is deihied with absolute distinctness. The posterior angle 
probably terminated in a more or less produced spur, the enamel 
apparently forming a narrow fold enveloping the superior edge of 
the antcro-lateral border, similar to what obtains in corresponding 
teeth of Cnchlioduft; however, in some specimens this border is slightly 
raised into a low, obscurely-defined marginal ridge. 

The mandibular posterior ticth, also, exhibit much the same 
superiicial features due to the various conditions of usage and pre- 
servation as enumerated in connection with the teeth of the opposite 
jaw. The anterior plane-belt is usually merged into the median 
])rominenco toward the outer margin, the result of wearing down 
of the crown surface; but toward the inner margin the coronal 
contour is well, even sharply defined, the surface enveloped in a 
layer of polished enamel. 

(irolofficalpositum ami loc(dHies: Keokuk limestone : Warsaw, Ham- 
ilton, Nauvoo, and Henderson county, (Illinois) ; Keokuk, Danville, 
Bent(msport, (Iowa) ; Booneville, (Missouri). 

Deltoptychius Varsoviensis, St. J. and W. 

n. V. FIk. 14. 15. 

\randil)ular posterior teeth trigonal in outline, apparently strongly 
inrolled at the outer extremity, inner margin very oblique and 
broadly rounded with slight sigmoidal curvature, postero-lateral bop- 
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der rapidly converging toward the outer extremity. Median ridge of 
crown prominent, occupying a nearly central position and well de- 
fined from the relatively wide anterior belt, which latter presents 
the characteristic angulation and abrupt face enveloped for the 
greater part of its depth in the coronal enamel; posteriorly the 
slope of the median ridge descends into the broad depression on 
that side, from which rises the relatively wide posterior expansion 
or alation. Crown surface densely punctate. A specimen below 
medium size measures in greatest length from posterior angle to 
outer extremity about 11.5 m m. ; antero-lateral border about 6.5 
m m. ; breadth at inner margin 8 mm. 

Posterior 'tooth of upper jaw of the usual spatulate outline, antero- 
lateral border obliquely truncated from inner angle forward to outer 
angle, posterior extremity somewhat produced from which the postero- 
lateral border somewhat rapidly converges toward point of inroU- 
melit. Posterior prominences occupy half, or a little more, of 
the coronal area, secondary lobe about one-third the dimensions 
of the principal ridge, from which it is separated by a deep fuiTow, 
and well defined in front from the apparently smooth anterior area 
which gradually con!racts towards the anterior border. Superficial 
punctation agreeing with that described above. A mature specimen 
measures in greatest diameter across the inner margin 17 m m. ; 
greatest breadth across posterior prominence 7mm.; length along 
antero-lateral border 4.5 m m. 

The present species is made known from a single representative 
each of the posterior form pertaining respectively to the upper and 
lower jaws. Neither of these examples is eniire, although they 
are sufficiently so to permit of a not unsatisfactory compnrison with 
other generically allied forms. The species is most intimately allied 
to that occurring in the St. Louis formation, Deltoptychlas cxpnnsu^; 
especially is this relationship apparent in the close resemblance that 
exists between the maxillary posterior forms of the two species. It 
differs, however, from the latter species in a marked degree in re- 
spect to the coronal contour of the mandibular posterior teeth, 
which shows the median ridgo well developed and defined from the 
narrow belt in front and the much greater obliquity of the inner 
margin of the tooth. 

Geological position and localities : From characteristic strata of the 
Warsaw formation; Clifton, above Alton, and Golden ]3luffs near 
Warsaw, Illinois. 

-7 
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Ih'.i.TtiiTYrHirs KXTANsrs, St. J. and W. 

ri. V. lit;. '.». i;*. 
l\)>-t«ri«ir tretli t)f tlu» inan«lil)lfs. trimmal in f^'cneral outline, outer 
extninity stron^'ly inri)llrcl, ri*lativily lnoailly expanded posteriorly, 
and iirnadly arcluMl a Inn*: tlu* inner margin with si^'nioidal curvature 
in ]»assin«i to the pustrrior cxtrtinity of tht* stronp winji expansion 
AntrrD-latfral iKinlcr >li';litly rnrvi d siL^nitiidally, moderately deep, 
the •^Ttatir portion j»f the vertiral faei- I leing covered by the coronal 
enamel and niakinj^ a \vill-dtlint«l anj^Milation above; postero-lateral 
hoiihr rapidly eonvcr^'iiiLT toN\ard the rxtrtinity, basal portion pro- 
jtrtin^' >onuwliat beyond the narrow ami ]ironiinent fold limiting 
the coronal surface, aiid mori' or less pnuUiceil posteriorly. Coronal 
surface showing,' :i broad, dit|» posterior depression, which, together 
with tile alate bonier, con^tituten half the lateral diameter of the 
tooth; nu-dian lobe rrlatividy narrow, ^'i-nerally obscurely detined in 
front from the narrow anterior ])lam' l)elt with which it is usually 
nier*,'til ovt-r the «:n'ater extent of tlu' outer surface. Length of a 
nu'tliinn-size tooth aloui^ antero-latt-ral border s mm.; breadth at 
inner marjj:in H.r» mm. 

Posterior tooth of the ui)per jaw in outline spatulate, terminating 
]iost<riorIy in an icciiitric sharjdy roumled spur, antero-lateral bor- 
der obliquily trunrated from inner an*,'le outward and for\vard. Cor- 
onal ])rominence compri>in<,' nearly two-thirds the transverse diameter 
of tin* tooth, pj)sterior lobe moderately convex transversely, sul>or- 
dinjite lobe relatively broad and ]>r()minent, anterior area smooth, 
and narrowed toward the antero-lateral border. Surface minutely 
and closely punctate, in the same maimer observed in the opposed 
teeth, (ireatest transverse diameter of a medium-size tooth about 
I'i nun.: fjreatest dia^ninal breadth across the posterior prominence 
;*> mm. ; len«^th aloni: antero-lateral border 4.5 to /> mm. 

Of other dental forms occurring' with the above described teeth, 
none have been recj^^mi/ed as jjrobably specilically identical. La 
supertiirial corj>nal characters, as the punctation and appearance of 
tlie enamel layer, the two forms al)ove noticed possess most inti- 
mate characters in common, so that, notwithstanding the fact that 
all the material in our i)os.session consists of isolated teeth, little 
doubt is entertained as to their having constituted parts of the 
dentition of the same species. 

Comjiared with the Keokuk s])ecies, />. JVachmnuthi, the present 
teeth present well-ni irked ditTerences which serve to distinguish them 
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specifically. The mandibular posterior teeth are proportionately 
shorter from within outward and wider across the inner margin, and 
the median-lobe perhaps less well defined from the narrow anterior 
belt; while the opposed tooth of the upper jaw has the secondary 
lobe relatively much more strongly developed and the coronal prom- 
inence occupying a greater portion of the crown surface. 

The state of preservation of these diminutive teeth, especially in 
the instance of those pertaining to the mandible, is extraordinary^ 
But of the maxillary teeth the collections afford few examples, and 
these are without exception mutilated at the antero-lateral border, 
in consequence of the extreme although not^disproportionate attenu- 
ation they undergo in that region. 

Geological position and localities : St. Louis limestone ; Alton and 
Monroe county, 111. ; Pella, Iowa ; St. Louis, Mo. 

Deltoptychius nitidus, (Leidy, sp.) 

n. V. Fifir. 16. 

Cochliodns nitidus, Leidy, 185C. Trans. Am. Phil. Soc. xi. p. 87. PI. v, f. 2. 

The present species was originally described by Dr. Leidy, from a 
large-sized specimen of the posterior tooth of the left ramus of 
the lower jaw, which was obtained at Chester, in this State. The 
teeth are massive, and strongly built, triangular in outline, pos- 
tero-lateral border rapidly converging toward the outer extremity, 
inner margin broadly curv'ed round the base of the median prom- 
inence, antero-lateral border nearly straight, relatively short, the 
enamel fold extending well down over the abrupt face. The basal 
portion along the postero-lateral border, in a mature individual like 
the type noticed by Dr. Leidy, extends in a conspicuous rim beyond 
the well-defined enamel fold, terminating in a strong, bony spur, 
posteriorly, and reaching the point of strong inrollment, where it pre- 
sents the usual channeled condition. The crow^i is strongly arched 
from within outward, median lobe embracing about half the lateral 
diameter of the crown, usually prominently arched transversely, a 
slight angulation defining it from the narrow anterior belt, the slope 
behind descending into the posterior depression, which is bordered 
by the relatively narrow alation. A medium-sized tooth measures, 
along the postero-lateral border from the posterior angle to point 
of inrollment, 12 mm.; length along antero-lateral border, 7.5 
mm. ; breadth across inner margin, 10 mm. 

The collections contain examples of maxillary posterior teeth, from 
the same deposits and localities, associated with the above described 
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t(f(.'tli, which prohahly hi*I()n>;i*tl to the nanio Bpocies. The latter, 
howovt-r, nre in ho worn and niutil:iti<l a state of preservation as 
not to i'xhihit details beyond mere outline, hy which they may be 
satisfartorily eoinpared with other speeiniens of the same form. 

The loan of the type was kin<lly proiMired us by Dr. Leidy, a 
eareful comparison of whieh with the material before us leaves not 
the least do\il)t as to their s]>oriiie identity. The species, as repre- 
sented by the j»osterior teeth of the nnuidiblo, is intimately allied to 
/>. rrjHinsKn, of the St. Louis limestone, heiuR chiotly distinguished 
hy its nn»re n>l)ust ti«:ure, stnui^er iin*ollment. and narrower pos- 
terior alation. The majtuity of the exMni])le.s of this form exhibit 
traces of excessive coronal abrasion, which in some instances has 
leveled the median j>rominen(*e. destn^yinjr its definition from the 
])l:ine anterior belt, in whi'-h latter condition the individuals bear 
deceptive reseml)lance to the homolopous teeth of Orthiyplrurodus. 

(hohiifirdl jtnsiftn)! inul Inndlfif: Chester limestone; Chester, 111. 

Gi-Ncs STKXOPTEKOnrS,^ St. J. and W. 

Teeth, probably occupying: a posterior position on the upper jaw, 
distintruislied by their lon^-elliptic outline, stroiirrly arched and spiral 
inrollnient of the outer extremity. Crown traversed by a posterior 
prominence or lobe in the direction of inrollment, more or less well- 
defhied from the anterior area, which i^resents a plane surface, 
without prominent revolving or lonj^itudinal folds; posteriorly, the 
crown is well detnied from the base by the inheveled enamel fold, 
beyond which the basal rim usually more or less projects^ often 
terminating in a stnmcr posterior i)rocess, and forming, in well- 
preserved s])ecimens, a cleep bordi'r toward the inner margin, becoming 
less conspicuous outwardly; anteriorly truncate, usually more or less 
obliquely so from the inner an^de outward and backward to point of 
inrollnient (thou«^di sometimes outwaril and forward from an obtuse 
inner anj^de), the shallow enamel fold inbeveled and deflned by a 
narrow sulcus from the l)ase. Surface of crown in perfect state 
covered by a dense enamel-liko, <^'lossy coatinj», throuj^h which the 
tubular structure presents a delicate papillose appearance; worn 
surfaces minutely and densely pitted by the exposed extremities of 
the medullary tulies; vaso-dentine of base coarse, inferior surface 
of the dense inferior layer irrej^ularly striated in the direction of 
inrollnient. 



NnTK. I. S'rnns. lUirTOW: l>tri'nii. willR; inlnn.^, l«»«»tll. Ill al|l|>li>ll tu tllO IIUITOW 

filaiii'ii nf till* iiiiiiiiljliuliir iMir-t'-riur ioi>Ui 



jm 



VERTEBRATES. V-lOl 

The above diagnosis applies to a certain form of teeth well rep- 
resented in the collections from various Lower Carboniferous 
formations, and which is homologous with the long posterior teeth 
of the upper jaw, formerly embraced under the generic term Strehlodus^ 
Agass. Since it is now a well established fact that the latter form 
formed part of the dental armament of the jaws of the same fish 
that bore the teeth represented by the original form of Cocldiodus, 
Agass., there can scarcely arise a question as to the position the 
present form held upon the jaw. 

It may, perhaps, be deemed premature at the present time to 
attempt the identification with the above form of other and asso- 
ciate teeth from amongst the detached dental remains of Cochlio- 
donts, alone contained in the collections; but there are certain 
forms whose occurrence and intimate association in the same de- 
posits with that above noticed, strongly suggest their congeneric 
relations and specific indentity. Thus, there are found teeth which, 
possessing the general characteristics attributed to the large posterior 
teeth of the mandible of Cochliodm^ may be especially characterized 
by their more trapezoidal outline, posterior position of the median 
lobe, narrow posterior alation, and the relatively broad flat area of 
the neck or anterior portion of the coronal region. The latter form 
is further distinguished by the greater or less obliquity of the out- 
ward and backward course of the antero-lateral border, which, 
together with the posterolateral border, presents the same condition 
of narrow, rounded, inbeveled enamel fold and channeled basal rim 
observed in connection with the opposite maxillary teeth, with which 
they also agree in the degree of inroUment and longitudinal convex- 
ity of the coronal region. The neck or anterior area is nearly plane 
or faintly swollen transversely, sometimes with a slight depression 
near to and parallel with the antero-lateral border. The posterior 
alation is narrow and separated from the median lobe by a compar- 
atively narrow depression. The inner margin is moderately concave 
in passing the posterior depression, broadly arched round the base 
of the coronal prominence, and thence to the anterior angle more 
gently curved or nearly straight. The relative proportions of the 
teeth are laterally narrower and stouter than the maxillary posterior 
form. 

There are associated with the two most numerously represented 
species of the genus a form of teeth, which from their general 
appearance and apparent identity of coronal structure, we have pre- 
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'.^ suinxl to idnitify ^^itll tlu* nminlilHihir nuulian form of the present 

/«:t nil-. Tlic l.itttr tilth siiv sulirln»iiil»ic or trapezoidal in outline, 

■ ■ • 

•!/'•/ with a marly ^traiu'hi lutstcru-hittTal honlcr, and longer and more 
• •• • 

(ililii|n<ly ('•tiixri'i^'iii^ n))positc' honicr. dotincMl by the same style of 
♦ iiaiml f»»M :in«l hasal rim. charsicttristir of the previously men- 
tioiiiMi fmiMs : the connial rc^^Mon presents a l)road, nearly plane 
hMifafi-, L'la'hially cnhuiiiatiii'^ m-ar the jmstero-hiteral borders in a 
ilf|irf>si(l. nhsrinvly ili-lliu'd ri«l;;e, wln-re the slope to the border on 
thf Diif haiii] IS ahnipt. ami on the otliiT very gentle, the inner 
iiiarjiiii L'' iitly an-hiMl ami s<aiH'\vliat rai>nlly detleeted to the obtuse 
po-terjiir aii^'lf. 

Thr u'^'MWr^ as iiow iimhr>tiKul is represented by species beginning 
in thi- I piM-r ]iurhn;^'t<in linh^tone. and in eaeli sueeoeding forma- 
tion of the Lower Carhoniferous period, tlie latest authentic oecur- 
nTi'-i.' hein)4 in thi: St. Ijniis liniesttnie. 

S'lKNoi'TKKom s I'l.ANis, St. J. aud W. 

ri. IV. l-ii:. ■.» n. 

l^]»n'Sint«-.l hy two funns of teeth l»eh>w medium size, presumably 
occupying' «'oiTe.-])oiiilin^' jiositioiis (»n opposite jaws. 

Pnst(-rior teitli of tlh' ii)»j)er jaw siih-rhonihoidal in outline, rather 
stri»nf(ly inrolird an«l ardieil lonj^itutliiially. Antero-lateral l)order 
sli^ditly ol)li(pie in its ft»rwanl and outward eouise, basal rim ap- 
I)arently shallow, and drtined from the narrow enamel fold by a 
shallow ^'nK)ve ; ]»ostero-lateral border eonver«^ing at an angle of 
about "!'> with \\w c)])posite lM)rder. the basal rim somewhat thick- 
ened jind ]>ro(luce(l i)eyond the limits j»f the narrow, inrolled enamel 
fold, inner marj^nn br<jatlly arched with a sli^dit angidation near the 
middle in ])n^sini; the base of tlu* (•t>ronal prominence, in front of 
wiiieh a sharp, >lij^lit constriction occurs, the hiferior edge in beveled 
in the worn conditi(.)n; ix^^^terior extremity forming a sub-acute 
anghv, the mar^rin making an obtuse angle with the anterior border. 
Coronal pnnninence comprising more than half the lateral area of 
the surface, culminating in a low, rounded crest near the median 
line, with an abrupt sloj)e to the anterior neck, defined by an in- 
tervening shallow groove, the posterior broad slope very gently and 
faintly de))re.sseil transversely; the anterior neck somewhat rapidly 
narrows to tli(j antero-lateral border, is gently ccmvex transversely and 
marked by faint, longitndimil i)lica'. The whole outer third or more 
of tlie (;rown surface presents an even, smooth, triturating area, the 
result of wear, exposing to view tlie minute, regular punctie, which 
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usually show marked tendency to elongation in the direction of the 
inrollment of the tooth; the inner surface shows a dense layer of 
enamel with fine lines of gro>vth parallel with the inner margin. 
Greatest transverse diameter of the tooth, 20 mm.; length along 
antero-lateral border, 6.5 m m. ; greatest longitudmal diameter, 10.5 
mm. 

Posterior tooth of the mandible sub-quadrangular in oucline, rather 
strongly inroUed and longitudinally arched ; corresponding in size with 
the previously-noticed form. The moderate and regular arching of 
the inner margin interrupted by the broadly-rounded base of the 
coronal prominence; antero-lateral border with a slight oblique 
course outward and backward, enamel fold relatively deep and in- 
beveled to the shallow, channeled basal rim; postero-lateral border 
very gradually converging, making an angle of 10- or 15' with the 
opposite side, the narrow enamel fold well defined from the basal 
portion, which forms a shallow rim projecting considerably beyond 
the limits of the crown. Median prominence regularly and broadly 
arched transversely, culminating a little posterior of the median 
line, and occupying quite half of the lateral diameter of the crown ; 
posteriorly, the slope merges into the shallow concavity bordered 
exteriorly by the gently-upraised alation, in front defined by a faint 
angulation from the wide, slightly convex belt intervening between 
the median lobe and the antero-lateral border. The surface of the 
anterior belt is marked by faint, revolving plic®, and along the 
inner margin the enamel coating shows more or less distinct parallel 
undulations, or lines of growth, the outer half of the coronal surface 
exhibiting the usual evidences of excessive trituration, the entire 
coronal area minutely and closely punctate, the punctro showing the 
longitudinal elongation precisely after the manner observed in con- 
nection with the opposed maxillary teeth. Breadth across inner 
margin, 17 mm. ; longitudinal diameter along the axis of median 
lobe, 9.5 mm; length along antero-lateral border, 7 mm. 

The two forms of teeth described above are represented in equal 
numbers in the collections, and their uniform association and agree- 
ment in size and superficial characters preclude any doubt as to 
their specific identity. As commonly occurs in the teeth of this 
family, in consequence of the attenuation of the borders, seldom is 
a specimen met with showing the antero-lateral border entire, and 
indeed in the majority of examples of the mandibular form the 
posterior wing or alation is also mutilated or broken away. 
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TtM'tli sii|)])t)S(.Ml to ropreHcut the miulian form of the mandibles, 
small. trapt'/Diilal in (Uitlino, str(in<{ly nrchcd from within outward. 
ro-tirn-l:itrial I ?' lM>riltT lujirly straiLiht, with 8li$;ht obliquity in 
its outwarl ninl j'liylitly forward rourse, basal portion evidently 
shallow, cii.iiinilc.l, ainl di'tliKtl nhnve \»y the relatively strong, 
roiin.lrl tii:imrl fol 1 : aiittM-o-iatiMal or oblique border converging 
fn»m tin- Nult-aciitr iiiiu'r aii^lt* to ))oi]it of inrollment at an an^le 
of jiImmu 'li) with thr opposite bonier, the strong, rounded enamel 
fold projirtiiiLT bi'Vitiiil the c'om))arativeIy shallow, channeled basal 
rim : iniur mar<^Mn soiiK^-wliat ai>rii])tly rounded from the obtuse 
posterior Mii^li-, theme nearly straij^'lit to the anterior angle, usually 
inlM-vrhil inferiiirly. Coronal surface showing; a wide, fjently depressed 
aeclivitv verv <:railuallv risin*' from the antoro-lateral border culmi- 
natmj^ in a rounded ridp*, the ))osterior slope oi which abruptly 
descends t«j the ])ostero-lateral border fold, from which it is defined 
l»y a narrow ])arallel dei>re'^sit>n. The latter feature may become 
obsolete in ^\orn sj)ecimens- -intleed the whole outer half of the 
coronal surfai-e usually bears evidences of excessive wear from use. 
The inner luarj^in of the crown ])reserves the enamel coating, through 
which the somewhat irn-^'ular oriticis of the tubular structure are 
distinctly discernihle. worn surfaces showing a line pitted structure 
with the lon^'itudinally elonii^ate puncta- exactly as remarked in 
tlie iM'fore mentioned forms. A nieilium sized tooth measures in 
^Teatest diametvr between the inner angles 7.5 mm; length along 
l^ostero-lateral border to )K)int of inrollment nearly -1 mm. 

In assi'jjnin'^ the last above descrihetl form to Sttitopterodus, we 
have been (guided ehiellv hv the marked resemldance of the surface 

• urn 

])un<'latioii to that ohserve<l in the ]>osterior forms of the upper and 
lower jaws with whirh it is associated in the same deposits. But 
while the above forms are rei)resented by several individuals each, 
the (M>]loctionh contain (»nly three examples of the present form, and 
two of these are proportionately nnich smaller than any of the 
examples of the mandibular i>osterior teeth with which it is sup- 
posed this form was spr'cilically associated; but Mr. Springer's col- 
h^ction contains a single ituperfect sj)ecimen of a larger individual 
which corresi)on«ls in relative size to tlie ordinary dimensions of the 
mandibular i)osterior teeth. 

fn general outline and conmal contour these teeth bear some 
resemblances in common with the forms provisionally identified with 
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the mandibular median teeth of Sandalodus, etc. They are, how- 
ever, in this ease distinguishable by the abrupt posterior declivity 
of the coronal prominence and its distinctly defined border fold of 
that side. 

Geological position and localities: Upper Burlington fish-bed ; Bur- 
lington, BuflBngton Creek, Augusta, Pleasant Grove, Iowa; Quincy, 
Honey Creek, Henderson county, Illinois. 



Stenofferodus, sp. ? 

PI. IV, Fig. 15. 16. 

Posterior form of the upper jaw below medium-size, sub-elliptical 
or spatulate in outline, moderately arched, longitudinally and strongly 
inrolled along the outer margin. Antero-lateral border compara- 
tively short, with slight obliquity outward and forward; postero-lat- 
eral border gently arched, and rapidly converging from the acutely 
rounded posterior extremity toward point of inroUment, making an 
angle of 80°, more or less, with the anterior border; inner margin 
gently and regularly arched, inbeveled inferiorly. Coronal region 
presenting a low prominence, the obscurely defined axis culminat- 
ing about the middle of the tooth, flanked on one side by the wide, 
nearly plane slope descending to the postero-lateral border, on the 
other by a narrower, perceptibly steeper declivity, which merges 
into the relatively narrow, plane anterior neck. Surface minutely 
and closely punctate, the puncta) showing quite regular disposition 
in parallel longitudinal lines. Breadth across inner margin 14 mm. ; 
length of antero-lateral border about* 4.5 mm. Mandibular posterior 
tooth proportionately corresponding with the opposed maxillary 
form, trapezoidal in outline, rather strongly arched and inrolled. 
Inner margin somewhat strongly arched round the base of the cor- 
onal prominence, moderately so to the anterior angle, and slightly 
concave in passing the posterior depression toward the extreme 
angle; lateral borders not definable. The coronal ridge is strongly 
convex transversely, occupying apparently quite half the lateral area 
of the crown, posterior depression well marked and regularly con- 
cave transversely, the anterior belt defined by a faint angulation, 
apparently plain. Surface punctation precisely as observed in 
connection with the maxillary posterior form, the punctse being 
slightly compressed laterally, emphasizing the linear longitudinal 
arrangement. 
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Thf ikbinv <1iiif;iiosos arc liiiscil iipun tiiiiqnc GxampleB in each 
intitimct-, the foniuT presorvina scnrcely mon.' tliaii the nutline and 
tlie exfi'ssivi'Iy wm-ji siiptrliciul coiitour, tlio liitttr HliDwiiii; only the 
ci'iitnil jxirtiiin of the tooth, thi' luiitiluU'd hunKTM not ilisplnying 
the outlini' of the toolh. Tlioy runiish a siiicuhir instance of the 
ptiiicity iif certaiit fii-h-remniiis in tlie collcctioiis from a formation 
whiirli }i:i!4 yieldiil rirh and varied mateiials pertaining to allied 
(^eiier.i. Thu tt-cth ecrtitiiily, no far :is it ii poesilile to carry the 
ciunparison, oiler striking ri.nemMani*e to the oorn'sponding forms 
ot'L'iirrini; in the iniipcrjacent Warsaw liinesturie, StfH'>iiltTi>ilu^ i-hii- 
tjiilitx. in outline, apparently coronal coiifurmatioii. and the character 
and dixpiMition of thtt pnnctii'. Wo xhoulil. thrrcforc, he prepared 
to recognize their specifie identity with the latter forms were the 
characters notii-ed in connection with the sole examples as yet 
known to us from the Keokuk horizon, shown to he persistent and 
normal in even a HUiall suite of perfect specimens. 

Gc'>}";ficiil iHiniU'iii ami Imdili/ : Keokuk limestone, tisli-bed; War- 
saw and Hiiniilton, Illinois. 

STKXoi'TKKiinrs Ei.os<iATr«. St. J. and W, 
I'l. lY. nu. I-:i. 
Maxillary postorior teeth Hinall, elliptical in nutline, considerably 
arched and st.ront,dy inrolled aKaiy the outer margin. Course of 
antero-Iateral horder nearly at ri^lit ande^ to the transverse axis of 
the tooth, opposite border •iriidually eonverying from the obtusely- 
pointed extremity toward point of inrollment, neither border 
eutlieiently well preKorved to show details of enamel fold and basal 
rim. Ciinnial prominence relatively very liroad. or occupying two- 
thirds the later.ll diameter of the toolli. abruptly beveled along the 
liostero- lateral border, broadly and re^'ularly arehed transversely, 
eulminating anteriorly where it is defined by a slight declivity hav- 
ing a very obi iijue course toward the outer extremity; anterior ares 
relatively narn»w, (|uite Hmnotli, phiiie, and nicely rounded in a 
narrow fold alung the border, which is delnied by a narrow sulcus 
from tlie Hliallow basal rim. Coronal surface minutely and finely 
punctate, tlio iiunita' ixliibitiug a somewbiit marked tendency to 
linear lungitudinil dis|iositioii, and in niatuie exam])les the enamel 
shows ilibdinr't parallel lines of growth following the broadly rounded 
cnrvature of the inner mai^in. di-entest diameter of a small-size] 
tooth, 15 mm.; greatest diagonal breadth near middle, t> mm.; 
length along antero-lateral bonier, 1 mm. 
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Posterior tooth of the lower jaw known only from very imperfectly 
preserved examples, which, however, shows a rather prominent and 
regularly arched median lobe, situate nearly centrally, with appar- 
ently well-developed posterior wing, nearly equalling in breadth the 
plane anterior area. 

The above described species is represented in the collections by 
only a few examples, and in only two exceptions are the complete 
outline and coronal contour shown. From these we are led to 
recognize distinctive peculiarities that readily distinguish the teeth 
from congeneric forms previously noticed, with the exception in 
favor of the possible identity of the Keokuk forms with the present 
species. 

Oeologijcal position and locality : Warsaw limestone ; Golden Bluffs, 
near Warsaw, Illinois. 

Stenopterodus parvulus, (N. and W. sp.) 

PI. IV. Flsr. 4-8. 

Sandalodus parvulus (in part), Newberry and Worthon, 1866, III. Geol. Siirv., II. p. 102, 

Pl.X.f.1. 

The recognition of the above cited species was based upon a 
unique, nearly perfect tooth, representing the posterior form per- 
taining to the upper jaw. The specimen is mutilated along the 
outer margin in front, the inrolled extremity being broken away. 
The figure, however, conveys a very inadequate impression of the 
coronal contour, the engraving exaggerating the accidental features 
traceable to attrition at the expense of the natural contour surfaces. 
The specimen exhibits the posterior lobe of the crown, gradually 
culminating anteriorly, where it is suddenly broken down and defined 
by a slight depression from the plane anterior area with which it 
merges in the middle outer region of the coronal surface, where the 
tooth has been subjected to excessive attrition while in use. In the 
outward and forward obliquity of the antero-lateral border, also in the 
distinct definition of the shallow enamel fold along the still more 
oblique and gently arched posterolateral border, where the basal 
portion forms a prominent rim, reaching to the point of inroUment, 
the original figure above cited conveys a more accurate idea of the 
form. 

The acquisitions of Mr, Van Home include a beautiful series of 
the above mentioned teeth, with which are associated, equally nu- 
merous, another form, which we have come to regard with a strong 
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(logroe of probaliility as ]>ortiuinn^ to the mandible of the species. 
The latter teeth exhibit in a marked decree homologouH relationship 
to Ctn'hJ'uHhiH, possessing the same general outline and coronal con- 
tour distini^uishin^ the lar^^* ])Osterior teeth of the mandible of that 
^enus. rliaracterized, however, in accordance with the distinctive 
])eculiarities appertaining^' to the present ^enus. The latter form 
is tra])c/oidal in outline, and in the arching and inroUment of 
the tooth it aj^rees with the oi)i)()sed form ; posterior wing narrow, 
basal rim extending conspicuously beyond the limits of the shal- 
low, rounded, inbeveled enamel fold; median lobe situateda a little 
posterior of the middle, broadly and regularly arched transverse- 
ly, cuhninating in a tumid crest, the slope on the one hand 
mergin«; into the posterior depression, on the other delined by a 
sliglit angulation from the anterior area, which presents a broad 
plane or gently-convex surface, with faint impressed furrow near 
the border and nearly equal in breadth to the median lobe; an- 
tero-latenil bonier quite obli(iuely truncated outward and back- 
ward from the sub-acute inner angle : the inner margin is gently 
arched between the angles, somewhat more strongly arched aroand 
the base of the median prominence, and slightly deflected on nearing 
tlie posterior extremity. The external enamel coating investing the 
iimer portion of tlic crown shows distinct lines of growth parallel 
with the inner margin, the worn surface regularly and minutely 
punctate, precisely after the manner observed in the opposite teeth 
of the upper jaw. 

A medium-size posterior tooth of the upper jaw measures, in 
transverse diameter across the inner margin, 1'2.5 mm. ; length 
along antero-lateral border to point of inrollment, A mm.; greatest 
diamct«r diagonjil to the longitudinal axis. 5.5 mm. A large-sized 
mandibular posterior tooth measures, across the inner margin, 16.6 
mm. ; length along antero-lateral border, 7 mm. ; longitudinal di- 
ameter, at middle i> mm. 

Mr. Van Hornets collection contains a single minute specimen 
of a tooth which clearly belongs to the form which we have 
already recognized from the Ui)per Ijurlington fish-beds, from ex- 
amples in the collection of ^fr. Springer, and which is referred 
to tiie mandilmlar medium form of Stinoptcrodua. Tiie present tooth 
])n'sents the same resemblances in surface punctation, as compared 
with tlie posterior forms of S, par nil us, as in the former instance 
was noted in ccmnection with this form and S, plauns. The latter 
H))ecimen attains a breadth across the inner margin not exceeding 
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&.5 m m., and length along the straight postero-lateral border about 
2 mm. Trapezoidal in outline, it is relatively broader than the 
Upper Burlington teeth of the same form ; the postero-lateral border 
shows a slight forward obliquity in its outward course, basal portion 
exceedingly attenuated; antero-lateral borders converging toward 
point of inrollment at an angle of about 80^ with the opposite 
border, too imperfect to show the character of the basal rim be- 
neath the narrow, enamel fold ; inner margin very gently arched 
from the anterior angle, and abruptly rounded to the obscure, pos- 
tero-inner angle. Crown presenting a broad, faintly-depressed slope, 
culminating in a low ridge closely bordering the postero-lateral side, 
to which it is abruptly sloped and merged into the distinctly-defined, 
narrow, marginal fold. Coronal punctation relatively coarse and closely 
arranged, very similar to that observed in the mandibular and max- 
illary posterior teeth. 

The specific relations of the above described form are, of course, 
only inferentially determined. It might appear to be an anomalous 
state of things, especially in view of the fact that the mandibular 
and maxillary posterior forms of the species to which it is pro- 
visionally attributed occur in comparative numbers, the latter form 
should be represented by a unique example. But the small size of 
the teeth, and their thin, scale-like fragility, may in part, at least, 
account for their rare preservation and infrequency in collections. 

Oeological position and localities : St. Louis limestone ; Alton and 
Monroe county, (Illinois) ; St. Louis, (Missouri), and Pella, (Iowa). 

Genus CHIT0:S^0DUS, St. J. and W. 

Teeth representing the various forms characteristic of the genera 
of Cochliodonts, 

Mandibular posterior teeth trapezoidal in outline, strongly to mod- 
erately arched in the direction of inrollment. Antero-lateral border 
generally but slightly oblique to a line projected between the ante- 
rior and posterior angles of the inner margin, basal portion chan- 
neled, continued downward and outward into a thin marginal rim, 
bordered above by the narrow, inbeveled fold of coronal enamel; 
postero-lateral border converging toward outer side or point of inroll- 
ment at a moderate angle, basal portion expanded into a thin rim 
projecting a greater or less distance beyond the coronal border and 
terminating in the more or less produced spur of the posterior 
angle, in front similarly channeled and defined above by the rounded 
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t*n;niu*l UM as olisi-rvetl in tin- oj)j)()site iMinler; inner margin most 
strnii«4ly rucln-il luh-kwanl in iias^int^ the l»ase of the prominent 
iiu'tli.iii lolir nf th<> rr>»\vn. witli <lt'('p, broad Hinus or deileetion in 
Wiv niii'»n (if thf jn^tt-rifir ahititm. in ^ifut-ral presenting a moderate 
>ivMU»id!il cmvatun'. iiif»ri<ir nhjv usually inln*veled, though oriirin- 
allv. or \\\uu iiitirf, i-niitimuMl ditwnwanl in a nearlv vertical basal 
wail: t»!itlin«- »if lln- »«uti-r innilh-d inarj.Mn tin- n-wrse of that last 
dr^-riliiMl. Curijual rfi:itin pn-sfntin*,' a ])rineipal or median ridge 
riihnin.itiii^' near tin- iniildlf t»f tin- crown, the anterior slope mode- 
rate' an<i uniform to tlu* angulation or slJL'Iit dejiression delining the 
vrry narrow iiilf ^kirtiuLr tlu* antiTo-latrral border; the posterior 
sloju.* mon- aluMiptly dr>rends intj» the broad depression in that 
Hank, winner arises tlie ]»nunincnt i)osterior alation. Coronal sur- 
faci- furtlur niarkid by subnr»linatf ri'Vidvini^ riduvs and furrows 
variabli; in dispo-^ition aiul ilistinr'tnrss of definition, also ornamented 
by dilit-ate transvtrsi* ru«:;i' or ri'Vcrsitl imbrications disposed in 
more «»r bss jiiirHlKl order ci»nforniini: to some degree with the 
dircfti«ui of the inini-r mar«,'in, ihou^'li subject to interruption by 
implantation and bifurcation, also obsolete or variable in occurrence 
in sprcit s and individuals : (»tberwisr the surface presents the punc- 
tate structure common to allied j^'tiii ra. Inferior surface, enveloped 
in tile (Un^e Iioni«»^'en4'ous layer, smooth or faintly striated longi- 
tudinally, repeating: in a less marked dejrree the coronal contour. 

Mcilian teeth of mandil^les relatively narrow, trapezoidal in out- 
line, arched and stroniJy inrolliMl lon.u'itudinally ; postero-lateral 
border conforming' to the articular border t»f the posterior form and 
const itutincr the lon«:i'r >ide of the tooth, antero-lateral border grad- 
ually conver^'in^' toward the outer extrjinity, both borders showing the 
channeled basal poriitm bordered above by the narrow iubeveled 
enamel f«>l«l. inner margin obliquely roumled from the posterior to 
the antirior obtuse amrle. ('on)nal surface occui)ied by a more or 
less i)rominent ridj:«' situated nearest the i)ostero-lateral border, on 
which side the declivity is abrupt, anil <lelinej| by a narrow siibor- 
ilinate lobe immediately abaig the Ijonler, o])))osite side more grad- 
ually sl(»j)in^' towards the anttro-lateral border, which is similarly 
mar^'ined l»y a narrow rid-^'e with intervening' shallow furrow. Sur- 
face ornamentation the same as noted in connection with the pos- 
terior terminal form. 

Maxillary ])osterior teeth sulMjuadrilateral in «,'eneral outline, mod- 
erately arclie«l and stron^dy inroUed alonj: the outer margin. Antero- 
lateral border slij^ditly obliipi«j to the general course of the inner 
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margin, basal portion channeled and produced downward and out- 
ward in a thin rim, defined above by the narrow inbeveled enamel 
fold; postero-lateral border converging toward point of inrollment 
somewhat more rapidly than in the case of the opposed mandibular 
teeth, with which it bears much the same characters in respect to 
the basal portion and enamel fold along the upper edge ; inner 
margin most arched round the base of the posterior coronal lobe, in 
front of which it is more or less deflected inward and forward, 
thence gently arching round the anterior prominence to the obtuse 
anterior angle. Coronal region divided into two principal revolving 
elevations, of which the posterior one is much the most prominent, 
occupying about half the lateral diameter of the crown, the broader 
slope rising from the postero-lateral border and culminating nearer 
the anterior side, with a more abrupt slope descending to the median 
depression; the latter presents a broad transversely more or less 
concave area, the surface rising anteriorly into the more or less 
well-defined anterior prominence, thence the slope descends to the 
antero-lateral border. The coronal surface is further marked by 
more or less distinct, though generally obscure and sometimes obso- 
lete subordinate revolving ridges and furrows which are chiefly 
noticeable in the region of the anterior prominence, though some- 
times present in the median depression and the long slope of the 
posterior prominence; more or less distinct transverse rug© dis- 
posed in the same manner noticed in connection with the mandi- 
bular posterior teeth, occur, producing an elegant imbricated orna- 
mentation in the individuals thus distinguished. The latter super- 
ficial feature is, however, obsolete in some species, and which is 
equally applicable to all the other forms of certain species of un- 
doubted congeneric relationship. 

In regard to the character of the teeth occupying the extremities 
of the jaws, we can little more than conjecture their identity. 
Amongst the numerous examples of transversely elongate teeth 
which were originally disposed in serial order, and which are recog- 
nized under various generic appellations which in themselves con- 
stitute well-defined groups, there are possibly included forms which 
may have been associated with the teeth under present considera- 
tion. 

The generic relations of the forms embraced under the above 
designation are most intimate with Cochliodiis, Agass. Indeed they 
differ chiefly in the less well defined differentiation of the coronal 
regions^ while in CoehUodus these parts are sharply limited, the 
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spocit's In'ing clnolly distinL^iiiKlniMo by diflferences in proportions). 
Till* abf^MU'f of tran^iviTsi' ru;.M' muy be (U'cmed of neater than 
s|)rril'K' iinportanco. Tlir j:<'nus, Iiowewr, presents in the ensemble 
of its s])i('ilic forms and the witliin boiimls somewhat diverse char- 
a<t(MisticH, foaturos whii-h indicMite for it an important position at 
thf ht'Hil of this particular group of the family, and from which 
(\n-hHoflnH was probably an <)fT-sho(>t at a biter date. It embraces 
]>esidi's the I3urlin«:toii forms. si>eeies oceurrinp in the Keokuk for- 
mation dtsrrilu'd under the terms CnrhUiuhis hiltia, Leidy, (Cochlio- 
tJuH unhU'a, N. and W.) Vtvr'dttdu:^ rufftntuit, X. and W., (including 
/'. nniiifit.^, N. and W'j. etc. Wo are not aware of the existence of 
later rei)resentatives than those above emimerated from the Keokuk 
formation and a sini^le spi-cies from the St. Louis, the Chester 
species belon^'in^' to typical CorhHoiiuA. 

Were we in possessitm of suiVicifntly ctunplete materials to con- 
clusively demonstrate the relations of the si)ecie3 characterized by 
the presence of the transversa imbri<'ations or rn^iv, and those in 
which the coronal surface is simply marked by more or less subor- 
dinate revolving: furrows and ridjxes. it mi^ht be found that these 
constitute two distinct groui)s more or less well defined one from the 
other. In that event CnchUfKlux hitn.'i would naturally fall into the 
^'roup represented by the primitive r)Urlin.L'ton species Chltonodus 
tUfthintiH; while on tlie other liand, the Keokuk '*P(rcUodus ruffosus" 
would ri'main in associaticm with the species here first described 
under Chitonodas Spr'nujvri, 

CniToxoDTTs SpRiNOERi, St. J. and W. 

n. Vr. Fi^'. :m:.. 

Mandibular posterior teeth trapezoidal in outline, strongly in- 
rolled. Antero-lateral border with a slij^htly oblique course outward 
and forward, of moderate height, coronal enamel forming a narrow 
band abruptly folded over the od^re and inbeveled to the channeled, 
(dosely pitted basal portion ; posten)-lateral border converging to- 
wards point of inrollment at an an<:jle of about 50'^ with the 
opposite side, corona) enamel forminjr n well-marked rounded fold 
along the upper edj^o of the clianmded basal portion ; inner margin 
making' a rij^ht anj^le with the antero-lateral border, gradually pro- 
duced backward from the obtuse anterior anjzle and sharply curved 
round tlie base of the coronal ])rorainence, with a corresponding 
deep sinuation in passing the posterior depression into the subacute 
posterior extremity, usually inbeveled. Superficial characters pro- 
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nounced and quite persistent Id their uniformity, hfedian ridge 
rising into a rather sharply rounded crest nearly median in posi- 
tion, tiie anterior slope moderate find slightly concave transversely, 
terminating in a shallow depression bordered by a very narrow fold 
immediately along the antero-lateral border; posteriorly the surface 
abruptly descends into the depression on that side, whence the 
alate expansion gradually rises with slight transverse concavity into 
the moderately elevated postero-lateral border. The coronal surface 
is quite regularly marked by transverse rugie parallel with the 
inner margin, the interspaces nearly a millimetre in breadth and 
rising from below upward producing a reversed imbricated appear- 
ance. The ornamental rugee are most distinct over the depressed 
areas; in the more elevated exposed portions of the surface they 
are usually obsolete; however, there are traces of their presence 
o%er the entire area of the coronal region. The punctate structure 
presents the usual appearances associated with teeth whose coronal 
siirface is traversed by transverse ridges and furrows, the punot» 
being elongated usually in the direction of inrollment along the 
transverse folds; exfoliated and worn suriaces showing a relatively 
minute, crowded punctation. Transverse diameter at the inner 
margin of a medium-size tooth 20 mm. ; length of antero-lateral 
border to point of inrollment 10.5 mm. 

Mandibular median tooth of proportionate size in relation to the 
posterior form, trapezoidal in outline, elongated in the direction of 
inrollment. Postero-lateral border nearly straight, opposite border 
converging toward the outer extremity at an angle of about 20°, 
inner margin very oblique with a slight sigmoidal curvature from 
the sharply rounded posterior angle to the obtuse anterior angle. 
Coronal ridge situated posterior of the median line, of moderate 
prominence and breadth, posterior slope abrupt and deep to the 
narrow furrow close along the postero-lateral border, over which the 
coronal enamel forms a narrow inbeveled fold; anterior declivity 
nearly equally steep but of less depth, defined by a rounded angu- 
lation whence the suriace more gently descends with slight trans- 
verse convexity to the antero-lateral border just within which lies a 
shallow parallel furrow recalling that adjacent the articular border 
of the terminal tooth. Along the posterior border and over a large 
part of the anterior slope the surface preserves the parallel, rarely 
bifurcating transverse rugie, conforming to the direction of the inner 
margin, and spaced as previously noted in relation to the last 
described form, with which the general character of the surface 
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piinotation also agrees. The present form is represented by half a 
dozen or so imperfect epecimens, which, while they are readily 
recngni/able. are insufficient for comparative measnrements showing 
tlicir proportionate dimensions, — a matnre example having a trans- 
verse diameter across the inner margin of 12.5 mm. 

Maxillary posterior teeth corresponding in dimensions with the 
])osterior form of the mandihle, presenting the general outline 
ascribahle to this form, moderately arched longitudinally and strongly 
inrolled along the outer margin. Antero-lateral border slightly 
oblique to a right line connecting the inner angles, presenting a 
channeled basal rim defined above by the narrow inbeveled fold of 
coronal enamel ; postero-lateral l)order approaching point of inroU- 
ment at an angle of 60^, and less, to the opposite border; inner 
niart^in broadly arched round the base of the x>08terior lobe, in 
front of which it is sharply contracted and thence continued in a 
slightly concave course to the anterior prominence, round which it 
makes a broad curve terminating in the obtuse anterior angle. The 
definition of the anterior and posterior regions of the crown is 
marked ; posterior lobe occupying apparently less than half the 
lateral diameter of the tooth, broad posterior slope gently and 
regularly arched transversely, in front steeply sloping from the 
sharply rounded crest to the angulation forming its anterior limit; 
tbe surface of the relatively wide depressed median belt gently 
rises into the summit of the anterior lobes, which latter usually 
presents a more or less well-defined, narrow, rounded ridge, some- 
times two or more obscure ridges, in part occupying the moderately 
abru))t slope along the antero-lateral border; in some examples 
faint rrvolving ridges extend over the depressed median belt, and 
in others obseure impressed lines may be traced in the wide slope 
of the }H>sterior lobe. In the perfect state the entire coronal sur- 
face was occupied by transverse ruga* parallel with the inner 
nuu>:iu and mon- or less so to one another, though in the latter 
ro>pect exhibiting considerable variation in the broken continuity, 
bifurcation, and implantation of the ruga\ which have the same 
appearance as in the preceding forms mentioned alcove. Toward 
the o\itev nuu>:in and indeed over the middle portion of the crown 
whoiv Us surface was subjected to greatest attrition while in use, 
the vuvjie ai\^ obs\^lete or nearly so, though ni some instances still 
naceable \u the d\siH>sitivMi u\ transverse lines of the more or less 
oUM\>iaU\l or oxMUhient punctn\ which are ovM\spiouou<^ly displayed 
owv the eulitv surfac\> save alouj; the inner uianrin wher^ the 
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external enamel layer is densest. A mature specimen measures in 
greatest breadth between the inner angles 80 mm. more or less, 
length along anterolateral border 14 mm. 

With the exception of the narrow median teeth, the forms whose 
specific identity is here recognized are represented in about equal 
numbers of individual teeth in the collections. The mandibular pos- 
terior form exhibits some variation, especially in certain examples 
which show faint revolving ridges or furrows over the broad anterior 
slope of the coronal prominence, as illustrated in one of the figures 
representing a tooth referred to this species. The latter feature also 
recurs in some of the Streblodoid teeth of the upper jaw, as already 
noticed, and although the absence of these obscure furrows and 
ridges does not in all cases appear to be attributable to the acci- 
dents of wear, their presence in certain individuals is not associated 
with other characters which might b^ deemed sufficient grounds for 
their separation from the specific relations here recognized. Amongst 
the latter there occurs a single individual from Buffington creek, 
which, in the relative proportions of the coronal regions with which 
are associated other features, offer in the main rather marked con- 

a 

trasts with the superficial characteristics noticeable in the typical 
examples of the form described above. These consist in the rela- 
tively wide posterior lobe, the less distinct angular culmination of 
its crest and gentler anterior declivity, proportionately narrower 
median depression, more regularly transversely arched anterior lobe, 
and the upward and forward deflection of the imbrications or trans- 
verse rugae in crossing the median depression, constituting striking 
features in contradistinction of those recognized in consequence of 
their prevalence as normal in the typical representatives. Illustra- 
tions of the latter specimen are also introduced, although its iden- 
tity with the present species is only provisionally inferred. Also 
amongst the few representatives of the mandibular median form the 
normal condition described above is departed from in appreciable 
degree, presenting a form distinguished by a relatively elevated reg- 
ularly arched coronal prominence and correspondingly depressed 
anterior slope, in which the oblique transverse rugse are more inter- 
rupted in continuity than occurs in the case of the typical individ- 
uals. The somewhat pronounced variations noted may indeed con- 
stitute permanent characteristics such as a larger suite of specimens 
might prove to possess specific value. But at the present time, 
owing chiefly to the imperfect state of preservation of the material 
in which many important details are masked, the evidence is not 
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deemed sufficient to justify tbe separation of these individuals from 
the more characteristic representatives of tbe species with which 
they are associated. 

Compared with heretofore described species, tbe present one is 
allied to that occurring in the Keokuk formation described by Messrs. 
Newberry and Worthen, under the names PitciloduM rugo$uM and P. 
ornatuM. *The species differ, however, in several marked pecoliarities. 
The closest resemblance between thorn is noted in connection with 
the proportions and coronal contour of the mandibular posterior 
teeth, the I'pper Burlington form being mainly distinguishable by 
the more delicate and close arrangement of the transverse imbrica- 
tions. The median teeth of the mandibles of the two species differ 
to a greater extent one from the other, the coronal prominence in 
the present species possessing greater elevation and more pro- 
nounced ditTerentiation of the culminating ridge. In the posterior 
teeth of the upper jaw the diverjionce in the contrasts between tbe 
species is even more emphasized, the Upper Burlington examples 
being destitute of the supplementary rugosities that snrmount the 
crest of the posterior lobe in the Keokuk species. 

It seems not, therefore, improbable that the examination of a 
larger suite of specimens may reveal the existence of a contempora- 
neous species during the Upper Burlington epoch, which the present 
material rather suggests than demonstrates, much less affords tbe 
necessary data for the satisfactory discrimination of its distinctive 
characteristics. The illustrations convey a fair impression of the 
species as determined from such remains as are at hand, while at 
the same time they serve to show the variable appearance individual 
specimens present, the limits of which are difficult to define. 

GcoJofjical position and localiticH : Upper Burlington limestone : Bur- 
lington, Buffington creek, Louisa county. Pleasant Grove, Augusta, 
Iowa; Quincy, 111. 



Chitonodus antiquus, St. J. and W. 

PI. VI, Fig. 2. 

Mandibular posterior tooth less than medium size, trapezoidal in 
general outline, strongly inroUed and correspondingly arched longi- 
tudinally. Antero-lateral border making nearly a right angle with 
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a line connecting the angles of the inner margin, or very slightly 
oblique in its forward and outward course, the coronal enamel form- 
ing a shallow fold inbeveled to the channeled basal portion ; postero- 
It^teral border not shown ; inner margin produced obliquely backward 
and rather sharply rounded at the base of the coronal ridge, thence 
making a concave curvature to the acute posterior extremity. Cor- 
onal ridge nearly median, culminating in a rounded crest, posterior 
slope abrupt to the depression on that side, whence steeply rises 
the posterior alation, also steeply sloped in front and defined by a 
faint angulation from the relatively plain belt occupying the anterior 
portion of the crown, and which is apparently destitute of longi- 
tudinal furrows or transverse rugae. Coronal surface regularly and 
closely punctate. Transverse diameter across the inner margin 15.5 
mm. ; length along antero-lateral Border 9.5 mm. 

The above description is based upon a single imperfect specimen 
derived from the Lower Burlington limestone, and which is the 
earliest discovered representative of the genus. The somewhat dis- 
tinct demarkation of the plain anterior area of the crown offers a 
character recalling typical Cochliodus, its relative great breadth con- 
stituting the chief distinguishing feature; on the other hand, the 
coronal contour is remarkably similar to that ascribed to ChiUmodus, 
of which we believe it to be a worn example. Its relations to the 
species so well represented in the collections from the next succeed- 
ing or Upper Burlington deposits cannot be fully determined; but 
the before-mentioned marked definition of the coronal ridge from the 
plain belt in front presents a striking contrast in contour with the 
same form of C. Springeri. Not even worn examples of the latter 
species, in which the transverse and even the longitudinal folds are 
obliterated, bear any intimate resemblance in the particulars alluded 
to as characteristic of the present tooth. 

Geological position and locality: Lower Burlington limestone; 
Burlington, Iowa. 

Chitonodus tribulis, St. J. and W. 

PI. Vn, Fig. 18-21. 

Teeth of medium size, of which representatives of the mandibular 
and maxillary posterior forms alone are known. 

Posterior teeth of the maxillaries presenting the usual sub-quad- 
rilateral outline, strongly arched and inroUed along the outer margin. 
Antero-lateral border forming nearly a right angle, with a direct 
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line uniting the inner, anterior and posterior angles, basal portion 
channeled, coronal enamel forming a narrow inbeveled fold along 
the upper edge; postero-lateral border very oblique, forming an 
angle of 40^ to 50 with the opposite border, in respect to basal 
portion and shallow enamel fold, presenting the usual generic char- 
acteristics ; inner margin strongly arched from the subacute posterior 
extremity round the base of the posterior lobe, in front of which it 
forms a rather deep broad sinus, and again broadly arched in pass- 
ing the anterior coronal prominence to the obtuse anterior angle. 
Coronal region nearly centrally divided by the median depression; 
posterior lobe prominent, anterior face steeply rising into the 
rounded crest, whence the broader slope more gradually and regu- 
larly descends with slight transverse convexity to the postero- 
lateral border, just above which lies a faint depressed parallel belt ; 
median depression occupying less than one-fourth the lateral area 
of the surface, rather deeply excavated and usually well defined; 
crest of anterior lobe near the posterior side, the broad slope de- 
scending in regular convexity to the antero-lateral border. Sur- 
face marked by transverse rugae or imbrications over the less 
abraded portion of the posterior lobe, and which on reaching the 
median depression are, in some instances, rather strongly deflected 
from a direct course downwards and forward, becoming obsolete in 
the region of the anterior lobe, which is occupied by irregular prom- 
inences, producing an elegant verrucose ornamentation, irregular 
ridges sometimes taking the place of the verrucose prominences; 
surface puncto; tine, spaced by little more than their own diameter. 
A mature specimen measures in greatest diameter between the inner 
angles 40 mm. ; length of antero-lateral border to point of inroll- 
ment about 15 mm. 

Mandibular posterior teeth sub-trapezoidal in outline, strongly 
arched and inrollcd. Antero-lateral border moderately oblique in 
its outward and forward course from the very obtuse inner angle, 
channeled and limited above by the narrow enameled fold ; x>08tero- 
lateral border converging toward point of inrollment at an angle of 
50^^, or less, with the inner margin presenting the usual channeled 
condition and enamel fold above ; inner margin strongly arched 
round the base of the median ridge, with a broad concave curva- 
ture behind in passing into the produced subacute posterior extremity. 
Median lobe of crown culminating in a sharply rounded crest, 
anterior of a line through the centre of the tooth, steeply sloping 
and merging into the moderately depressed anterior belt, the oppo- 
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site side abruptly descending into the deep posterior depression, 
alate lobe somewhat steeply upraised and relatively wide, trans- 
versely convex and thickened along the border. The superficial 
transverse rugae show strongest development in the anterior slope 
and the posterior win^, in the latter region being nearly at right 
angles to their course in the former space, where, in some examples, 
at least, the surface is marked by stronger rugosities descending 
from the crest of the median ridge. Surface punctse the same as 
described in the opposed maxillary teeth. A specimen below medium 
size measures across the inner margin 15 mm. ; length along antero- 
lateral border to point of inroUment 9 mm. 

Only the posterior teeth of the upper and lower jaws of the pres- 
ent species have been identified, represented by half a dozen 
individuals of each form, and these, with one or two exceptions, in 
the usual fragmentary state of preservation. Compared with the 
forms of the species with which they are associated, C, rugosiLs, 
(N. and W. sp.), the maxillary teeth are distinguishable by the rel- 
ative greater prominence of the posterior lobe, the verrucose orna- 
mentation of the anterior lobe, and, perhaps, the course of the 
transverse rugae in the region of the median depression. The man- 
dibular teeth also differ in the relative prominence, the sharply 
rounded crest of the median lobe, depth of posterior depression, 
proportionately greater breadth of the alate lobe, and more robust 
build. In some of the features contrasting with the associate species 
there are more intimate resemblances with the Upper Burlington 
species, C Springeri, especially as regards the mandibular posterior 
teeth; but the maxillary teeth of the latter, again, are more like 
those of C rugosus, though they are not to be confounded with that 
species. 

Geological position and localities: Keokuk limestone, main fish-bed 
horizon; Keokuk, Bentonsport (Iowa), Hamilton, Warsaw, Nauvoo 
and Scott county (Illinois). 

Chitonodus liratus, St. J. and W. 

PI. VI. Fifir. 1. 

The present species is represented by a solitary imperfect exam- 
ple of a maxillary posterior tooth, showing the anterior portion, the 
posterior lobe having been destroyed. The part preserved, however, 
indicates a tooth of small size, with a diameter across the inner 
margin probably not exceeding 13 mm., with a length along the 
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antero-lnteral border to point of inrollment a trifle less than 5 mm., 
in outline Hliowin^ the usual quadrilateral figure. The antero-lat- 
eral l>or<ler iH very ol>Ii(]ue in itri course forward and backward, 
coronal enamel forming a BtrDng, rounded fold inbeveled to the 
channeliMl banal ))ortion; inner margin gently arched round the base 
of tilt) anterior coronal jirominunce with a slight concavity forward, 
and a broader one in the region of tbe median depression ; postero- 
lateral border unknown. Anterior portion of the crown occupied by 
a pair of low, regularly transversely arched ridges, separated by a 
shallow, well-defhied furrow, and posteriorly defined by a broader 
median depression intervening between the anterior and posterior 
lobefl. Surface more or less regularly marked by strong, closely 
arranged transverse imbrications parallel with the inner margin, 
and apparently extending over the entire coronal region, besides 
showing a relatively coarse, crowded punctate structure. 

The species indicated by the fragment of tooth above described 
apparently constitutes a typical representative of the genus Chiton- 
(xhis, of wiiich it is the latest that has, as yet, been made 
known. It exhii)it9 intimate relations with the Keokuk C. rugotus^ 
but is distinguished by its small size, the greater outward and 
^^ackward obliquity of the antero-lateral border, and the doable- 
obed broad anterior prominence; the transverse imbricated oma- 
n entation markedly ])artakes of the generic characteristics associated 
with species of the genus. 

Geological jfosition tind locaUty: St. Louis limestone; Alton, Illi- 
nois. 



Gkxus COCIIILIODUS, Agassiz. 



CocHLioDus Van IIornii, St. J. and W. 

PI. VII. MO. 

Teeth below medium size, representatives of the mandibular 
posterior and median, and maxillary posterior forms are known. 

Mandibular posterior teeth in the outline and contour of the 
triturating surface presenting in a remarkable degree the typical 
characteristics of the genus, strongly inrolled at the outer margin. 
Antero-lateral border with a slightly curved outline, the enamel 
fold occupying about one-third of the vertical space and shavply 
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defined by a narrow channel from the downward and outward pro- 
jecting basal portion, which terminates in a thin rim inferiorly, the 
axes of the channel showing relatively coarse pits; posterolateral 
border with a moderate sigmoidal curvature, diverging posteriorly 
at an angle of 50"^ with the opposite border terminated in the 
acutely rounded posterior angle, coronal fold equally sharply de- 
fined from the basal portion, which is more or less expanded 
toward the posterior extremity where it forms a wide platform 
extending beyond the limits of the coronal border, the channel 
similarly marked by a row of large vascular pits; general direction 
of inner margin nearly at right angles to the antero-lateral border, 
broadly arched round the base of the median prominence, and 
again gently curved sigmoidally in passing' to the posterior ex- 
tremity; coronal region defined by an abruptly inbeveled narrow 
fold from the deep basal area which terminates inferiorly in a very 
thin edge; surface irregularly and coarsely marked by vertical 
rugosities and sulci ; — usually, however, the attenuated rim is 
broken away, and the margin abruptly inbeveled. Coronal contour 
strongly arched in the direction of inroUment; anterior belt well 
defined from the median prominence, slightly, sometimes strongly, 
arched transversely, with a slight furrow along the anterior edge in 
well preserved examples ; median prominence occupying half the lateral 
diameter of the crown, strongly and regularly arched transversely, 
the rounded axis lying a little anterior of the middle, the broader 
slope descending into the posterior depression where it is defined 
by a marked angulation; posterior alation proportionately wider 
than the anterior plane belt, faintly depressed in the middle and 
slightly arched transversely along the moderately upraised postero- 
lateral border, where the edge of the coronal enamel is inbeveled 
similarly to the enamel fold along the antero-lateral border, and 
rounded at the extremity. Along the inner margin of the well pre- 
served tooth the surface is invested in a dense semi-opaque enamel 
through which the extremities of the tubular structure are faintly 
outlined; in worn surfaces, this same structure produces a minute, 
rather widely spaced punctuation, of which there are about 80 
pores in the space of a square millimetre. Greatest transverse 
diameter of the crown of a medium-size example across the inner 
margin 15 mm., or to the extremity of the basal spur 17 mm.; 
length of antero-lateral border to point of inrollment 10 mm. ; 
greatest depth ditto, 1.5 mm. ; length along postero-lateral border 
to the inroUed outer margin 10 mm. 
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Mandibular median teeth sub-triangular in outline. Postero- 
lateral border slightly curved sigmoidally in conformity with the 
anterior articular border of the posterior terminal tooth, basal 
portion rather deeply channeled and coarsely pitted, forming the 
greater part of the height of the border, well-defined from the 
enamel-fold and terminating below in a thin outward produced 
rim; antero-lateral border converging toward outer extremity at an 
angle of about SCT with the opposite border, relatively short, simi- 
larly channeled and pitted as mentioned in connection with the 
posterior border; inner margin making a marked sigmoidal curva- 
ture, broadly rounded in passing the base of the coronal promi- 
nence, and thence curved outward on approaching the obtuse 
anterior angle, joining the posterior border nearly at a right angle. 
Coronal contour presenting a simple median ridge, the posterior 
slope slightly arched transversely and gently descending to the 
postero-lateral border, which is occupied by an abruptly beveled 
slightly depressed belt margined by a narrow, minutely crennlated 
fold distinctly defining the coronal and basal portions,— worn indi- 
viduals showing a more or less rounded edge; the opposite slope 
declines more abruptly into a shallow depressed belt occupying the 
anterior surface, bordered by the narrow alation, over the edge of 
which the enamel makes a regularly rounded fold sharply defined 
along the strongly inbeveled margin from the basal portion; along 
the inner margin the coronal region is defined by a narrow rounded 
fold inbeveled to the deep basal belt, which extends downward into 
a thin edge corresponding with that of the posterior tooth. Super- 
ficial enamel and punctate structure the same as described in 
connection with the preceding form. Length along postero-lateral 
border 10 mm,; greatest breadth between the inner angles 9 mm.; 
length of antero-lateral border to point of inroUment 6 mm. ' 

Ultimate teeth occupying the dentigerous extremity of the lower 
jaw unknown. 

Maxillary posterior teeth {Strehlodus, Agass.) subspatulate in gen- 
eral outline, strongly and regularly arched from within outward. 
Antero-lateral border with slight forward obliquity to the long axis 
of the tooth and gently curved sigmoidally, basal portion channeled 
and extending downward and outward into a thin rim, coarsely 
pitted; postero-lateral border broadly arched in a slight sigmoidal 
curvature, converging toward inroUed outer margin at the angle of 
SS'' to GS'' with the opposite side, basal portion apparently relatively 
low, channeled, and posteriorly expanding beyond the coronal limit 
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terminating in the more or less produced, acutely rounded posterior 
extremity; inner margin making two broad arches, the larger in 
rounding the base of the postero-coronal prominence, the lesser in 
skirting the anterior prominence on the way to the obtuse anterior 
angle, in ordinarily preserved teeth inbeveled inferiorly. Coronal 
contour typical of the corresponding form of the genus, divided into 
two principal regions occupied respectively by the posterior lobe and 
the narrower anterior prominence. The posterior prominence cul- 
minates about one-fourth the distance from the shallow sulcus 
forming the demarkation between the coronal elevations, the 
anterior acclivity rising quite steeply into the obtusely rounded 
crest, whence the surface much more gently declines in a slight 
concavity to the postero -lateral border, where the enamel forms a 
narrow fold distinctly defined from the basal portions; anterior 
lobe more regularly and gently arched transversely, the longitudinal 
axis lying near the median depression with a narrow steep slope 
on that side, the wide, gentle anterior slope being interrupted by 
more or less distinct revolving furrows, margined along the antero- 
lateral border by a narrow plane belt defined from the anterior 
prominence by a slight impressed line, the coronal enamel forming 
a very narrow fold along the antero-lateral border. Greatest 
breadth of medium-size tooth across inner margin 21 mm.; length 
of antero-lateral border to inroUed outer margin 8 mm.; greatest 
length along crest of posterior lobe 13 mm.; position of median 
depression a little anterior of a line drawn through the centre of the 
tooth. A large size specimen in the collection of Mr. Van Home, 
from Alton, is quite one-third larger than that indicated in the 
above measurements. 

Although the collections afford no positive evidence of the specific 
identity of the dental elements belonging to the anterior extremity 
of the upper jaw of the present species, there is, however, a well 
represented form of teeth occurring in series precisely after the 
Helodus-like teeth associated with the magnificent group of teeth 
furnishing the basis for the description of the species Chitonodus 
latus, (Leidy sp.) {CoMijdm nobilis, N. and W.). More frequently 
occurring as isolated teeth, example^ of two or more teeth occupy- 
ing their natural relative position in deltoid series have been ob- 
tained, so that little doubt can be entertained as to their relations 
with some Cocbliodont, probably to the species herein mentioned. 
Teeth occurring in series of two or more individuals, together form- 
ing a deltoid figure, narrowing from within outward, and presenting 
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a triturating surface interrupted by prominent transverse ridges and 
intervening deep furrows, corresponding to the coronal crests of the 
individuals of tlie series ; in some instances the individual teeth are 
so intimately united along the impingement of their bases as to 
obliterate all trace of suture; again, in other examples the original 
or occasional individuality of the teeth is indicated by a faint 
suture, extending in from the borders of the series, while others 
again show the complete series in natural buccessional order, but 
with their bases free. The individuals of the series regularly 
diminish in size from within outward, although the tooth of the 
inner margin sometimes presents an immature coronal crest, adher- 
ing to the inner basal declivity of the immediately preceding fully 
developed tooth, a feature known to obtain in the HelodusAike teeth 
associated with Chitonodus latn^, e. g. Helodus consolidatus, N. and 
W. The independent teeth are distinguished by [their long-eUiptical 
transverse outhne seen from above, slightly arched backward along 
the inner margin of the crown, the opposite side being protuberant 
in the middle, with concave curvature towards the extremities. The 
crown rises into a tumid eccentric apex nearer the postero-lateral ( ?) 
extremity, outer face slightly concave, opposite side moderately eon- 
vex, sharply inbeveled and defined from the base, the extremities 
marked by a sort of enamel fold, which also faintly appears along 
the outer margin, but destitute of imbrications, such as appear in 
the coronal belt of Chomatodug. The base is relatively shallow, 
inbeveled in front, more or less channeled and irregularly coarsely 
pitted, inner margin much produced outward and downward to the 
dull inferior edge, vertically coarsely rugose ; inferior surface faintly 
depressed, smooth. The large tooth of a medium-size series of 
three firmly coaleseent individuals measures in lateral dianveter of 
crown 6 mm., diameter at the middle 2 mm. ; greatest height of 
crown 1 mm. Crown originally enveloped in a dense semi-opaqrie 
enamel, the worn surface showing rather widely spaced punetn, 
varying, however, considerably in the latter respect. The associated 
teeth clearly homologous with the present form, present rather a 
wide range in variation, particularly in respect to the contour ci 
the coronal region. In some of the teeth the crown is much de- 
pressed; in others, again, the outer face presents a wide, phun, 
elliptic area, the inner slope very low, and the crest crowded oyer 
past the basal border, in which condition it resembles certain forms 
of Tanaodus, although the base is entirely different from that of the 
latter genus. 
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The foregoing (tiagnoeiB of the characteristics pertaining to each 
of the several deutal elements here recognized as having formed 
part of the dentition of this interesting species, presents in satE- 
eieat detail the peculiarities which distinguish it in comparison 
with other species of the genus. It remains briefly to observe the 
SBsociation of certain teeth in their original relative position upon 
the jaws, examples of which, fortunately, have been obtained by Mr. 
Van Home and Prof. Wortheu. The most complete specimen of 
the mandible shows the posterior and median teeth planted upon a 
thin semi-osseous tissue composed of coarse granules of ossiflc mat- 
ter, the walls of which are strengthened from within by a system 
of transverse bars, like girders, which serve to maintain the shape 
of the surface upon which the crushing plates rest. The teeth are 
separated from the supporting rami by a film of ealcite, which 
probably represents the bulk of the tegumentary or formative tissue 
that enveloped the dentigerous portions of the jaw. The mandible 
extends anteriorly into a slightly produced, bluntly rounded extrem- 
ity, which from the inferior surface shows on either side of the 
symphysial line a shallow pit, which may indicate the position of 
the corresponding concavity of the dental plate or tooth occupying 
the extremity of the jaw; but not a vestige of the latter exist in 
the specimen, and therefore in regard to their form we are as much 
in the dark as heretofore. Although the maxillary anterior teeth 
have t>een provisionally identified, we are unable to conjecture even 
the form of the opposed mandibular teeth — whether they presented 
a series of distinct coronal crests or merely a simple inrolled plate. 
A remarkable specimen of the mandible, belonging to the Wood- 
wardian Museum, obtained from the mountain limestone of Bristol, 
England, and which was described by Professor Owen, {Geol. Mag. 
1867, IV, p. 69, Pi. Ill, f. 1, 2,) shows the extremity of the rami of 
Cockliodus contorttia, Agass., occupied by a third tooth, the smallest 
of the series, and presenting a triangular shaped, inrolled plate, 
traversed by a prominent median ridge which is described as being 
"very convex and obliquely and gently contorted from behind and 
below, upward, inward and forward, with a slight increase of breadth 
or fore and aft diameter. • * • The anterior lobe seems to have 
had the form of a small tubercle, but its summit is broken off ; the 
posterior lobe is a narrow, seam-like, raised border, extending fur- 
ther back on the outer side, fig. 2 a, than on the inner side of the 
ramus." Our specimiius, unfortunately, :iSord no means of confirm- 
ing the observations based on ih» Briettil specimen, nor do the col- 
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lections afford examples of teeth correspoDdinff to the anterior form 
described by Professor Owen. 

In relative frequency of occurrence it would, of coarse, be exi>ected 
that the larger and more massive teeth appear most abundant in 
the collections. The posterior teeth of the mandibles and maxil- 
laries arc represented about equally in numbers, while the narrow 
median teeth of the lower jaw, and the HelodiuAike forms presum- 
ably pertaining to the anterior portion of the upper jaw, are less 
frequently met with. This is also true of other species of the same 
and allied genera occurring in the Lower Carboniferous formations, 
and the absence of certain forms ought not to militate against the 
conviction of their existence. 

Oeological position and localities: St. Louis limestone; Alton, and 
Monroe county, Illinois; St. Louis, Missouri; Pella, Iowa. 

CocHLioDUs OBLiQUus, St. J. and W. 

PI. VII. FiK. 17. 

Tooth resembling in coronal contour the form assigned to the 
posterior position on the upper jaw, very small, obliquely trai>ezoidal 
in outline, moderately arched in the direction of inrollment. Antero- 
lateral border nearly straight, obliquely produced forward from the 
inner angle, making an angle of about 40'^ with a right line con- 
necting the anterior and posterior angles of the inner margin^ low 
basal portion forming a shallow, channeled rim, defined above by 
the narrow, rounded, inbeveled enamel fold ; postero-lateral or oblique 
border converging from the rounded posterior extremity to point of 
inrollment, at an angle of 20"^, more or less, with the opposite bor- 
der, basal portion relatively deep, moderately inbeveled and slightly 
channeled, the coronal enamel forming a delicate fold defining the 
upper edge; inner margin broadly arched round the base of the 
postero-coronat lobe, thence to the obtuse anterior angle nearly 
straight and closely conforming to a line connecting the inner angles 
of the tooth. Coronal region presenting a strong posterior promi- 
nence, the broad outer slope rounding into the border, from whieh 
it is defined by a slight depressed belt, anterior slope more abmpt 
and makmg a slight angulation where it joins the anterior depressed 
portion of the crown ; the latter presents an area of about the same 
breadth as that occupied by the posterior lobe, depressed, and 
marked by two faint, revolving folds, with a third stronger xiclge 



VERTEBRATES. 127 

along antero-lateral border to which its anterior slope is steeply 
beveled. Enamel coating along inner margin showing faint lines of 
growth, the worn crown surface exhibiting relatively coarse crowded 
punctae. Length of antero-lateral border to point of inroUment 1.5 
mm. ; breadth across inner margin, 2.5 mm. 

The above form is represented by a single example, and notwith- 
standing its minute size, the perfect state of preservation of the 
tooth permits a detailed interpretation of its diagnostic charac- 
teristics and comparison with allied forms. We are, however, in 
some doubt as to its generic identity, although there is strong evi- 
dence of its intimate relationship with Cochliodus, the Strebloidal 
maxillary posterior form of which it closely resembles in coronal 
contour. This unique specimen, however, does not seem to be 
referable to the associated species Coch. VanHomii, unless we are 
to suppose a most extraordinary change takes place, by which young 
and mature teeth are made to assume the most unlike semblance 
to one another. The present tooth, however, compared with the 
streblodoid maxillary form of Coch. Van Hornii, is distinguished by 
the following pronounced contrasts : the general obliquity of outline 
and relatively narrower breadth compared with the length in the 
direction of inroUment (a feature which is necessarily persistent and 
directly dependent on the law of development of the dental plates), 
the extremely prominent posterior lobe, and the depressed median 

portion of the neck defined by the comparatively prominent ridge 

« 

along the antero-lateral border. It is in the latter respects the form 
here especially alluded to offers greatest contrast with the prevailing 
coronal contour of Cochliodus, and suggests a possible relationship 
with Deltoptychius. 

Geological position and locality: St. Louis limestone; St. Louis, 
Missouri. 

Cochliodus Lbidyi, St. J. and W. 

PI. VII. Fig. 11-16. 

Teeth of small size, the collections furnishing representatives of 
the posterior and median teeth of the mandible, and the posterior 
form and Helodus-like series of teeth of the upper jaw. 

Mandibular posterior teeth distinguished by their compact build and 
relatively narrow transverse diameter compared with the length in 
the direction of the strong enrollment. Antero-lateral border slightly 
carved between the inner angle and point of inroUment, presenting 
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the u8uaI chaniiolod and ilowiiward and outward projecting basal 
rim whi(*h is eonrriely pittt'tl, the border having a course slightly 
ohli(]ue outward and forward to the transverse axis of the tooth; 
poBtcTo-hitoral border converging toward the outer margin at an angle 
of about <i() , basal portion channeled and somewhat produced be- 
yond the coronal limits towards the posterior extrenuty; inner mar- 
gin broadly arched round tlu* base of tiic principal coronal xidge» 
with a short concavity in front and a broader one in passing the 
posterior depression into the alate, subacute angle, worn specimens 
showin^^ the usual inl>evele<l edfje. Anterior belt of crown well-de- 
fined, narrow. slij,'htly convex transversely, the coronal enamel fold- 
ing over the antero-lateral border in a narrow inbeveled belt dis- 
tinctly defined from tlie basal portion ; median ridge prominent, 
relatively broad, oceupyiu': considerably more than half the trans- 
verse diameter of the erown. moderately and regularly arched trans- 
versely and well-defined on either side by an obtuse angulation or 
furrow separating it from the anterior belt and the posterior depres- 
sion; posterior alation relatively narrow, considerably upraised^ 
nearly plane transversely, the coronal enamel forming a delicate 
inbeveled fold along tlie outer edge. Surface minutely punctate, the 
medullary tubes somewhat widely spaced and about thirty occuning 
within a square millimetre, and disposed in scroU-Uke curves over 
the surface of the tooth. Len^^th of a medium-size tooth along the 
antero-lateral border 8 mm; breadth l>etween angles of inner margin 
13 mm ; breadth of median lobe at inner margin 8 mm ; do. of pos- 
terior alation 3 mm ; do. anterior belt 2 mm. 

Mandibular median form, of which the collections offer a solitary 
imperfect example showing about half the inner portion of a mature 
tooth, exhibits a moderately elevated, sub-angular median ridge, a 
narrow concavity borderinj^ the i)ostero-lateral edge over which the 
enamel forms a narrow inbeveled fold distinctly defined from the 
channeled basal portion ; slope in front slightly concave transversely 
on nearing the antero-lateral border, which latter, as also the very 
oblique inner margin, is mutilated and not clearly defined. Surface 
punctation similar to that observed in the posterior terminal form. 

Maxillary posterior teeth subspatulate in general outline, strongly 
inrolled. Antero-lateral border slightly oblique with a gentle con- 
cave curvature outward and forward from the obtuse inner angle; 
postero-lateral border diverging at an angle of 26^, more or less, 
with the opposite border, presenting a broad gentle curvature between 
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the point of inrollment and the sharply rounded posterior extremity, 
the basal ])ortion extending considerably beyond the limits of the 
crown forming a thin marginal rim posteriorly ; inner margin broadly 
arched in general course, suddenly constricted in front of the pos- 
terior lobe, and thence more gently arched to the anterior angle. 
Coronal region presents strong contour contrasts, posterior lobe 
prominent, constituting somewhat more than half the lateral diam- 
eter of the tooth, abruptly rising in front into the rounded crest 
from which the slope in the opposite direction gently descends in 
slight transverse convexity to the postero-lateral border, where the 
coronal enamel forms a thick inbeveled fold distinctly defined from 
the basal portion ; the anterior neck is separated from the posterior 
prominence by a deep narrow depression, in well-preserved exam- 
ples shownig a distinct narrow secondary ridge with steep declivity 
bordering the median depression, a transversely more gently convex 
wider belt intervening between the latter and the shallow furrow 
defining the posterior limits of the narrow relatively prominent belt 
along the antero-latcral border, where the coronal enamel forms a 
well-marked fold inbeveled to the basal portion. Superficial punc- 
tation the same as in the opposed mandibular teeth. A mature 
tooth measures in greatest diameter of crown at the inner margin, 
22.5 mm., the basal portion being considerably farther prolonged 
into the posterior spur ; length of antero-lateral border to point of 
inrollment, 8 mm. ; median furrow at inner margin, 13 mm. distant 
from posterior extremity. 

Associated with the above described forms, the collections contain 
a few examples of ITclmlus-like teeth, mostly isolated individuals, but 
occasionally in series, which we are inclined to identify with the 
present species. One of these series, in the collection of Professor 
Worthen, presents a series of four teeth firmly soldered at the im- 
pingement of their bases, without visible suture, forming a deltoid 
figure, belonging to the right ramus of the upper jaw. The three 
outer teeth regularly and gradually diminish in size from behind 
outward, except the innermost one, which presents the usual condi- 
tion of immature coronal ridge apparently resting upon the inner 
deep basal border of the immediately precetiing tooth. The anterior 
basal margin of the outer tooth is channeled, the coronal ridge of 
all the individual teeth rises into a turgid sub-median apex nearest 
the postero-lateral border of the scries, slightly concave along the 
sloping obtuse crest on either side and sharply dellected forward at 
the extremities into a sort of short fold ; the inner margin is gently 
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ardu'd Imt'kwaril. t)it' whole tooth moderately arched vertically and 
thi? rr«>wn-fa(te vertically convex: tlio outer face slijjhtly concave 
vertically, swollen in front of the summit, round which the hasal 
line arches from its siiirhtlv <M»ni-avo course near the lateral extremi- 
tiis. which latti r an* sonicwjiat anj:ularly rounded. The inner and 
outer c»)ronal mar^'ins arc sjiarply inheveled to the coarsely-pitted 
hasal plate, which hehind foims a wide area nearly in the plane of 
the inner crown-face. The surface ]iuuctation is line, rather widely 
spaced, much after the same stvle descrihed in the other forms of 
the species. The nuitun- inner tot»th of the series measures in 
lateral ilianieler, s mm. : vri'catest width from heliind outward, 3 
nmi.; hei^'ht of inner crown-face, '-*.;■> mm. The outer or fourth 
tooth (jf the same .series is i\ uwii. in lateral extent, the other dimen- 
sions prr»])(U'tionatily iliniinisluMJ. 

TJie ahove dcsiTihe-l forms emhraci^d under one and the same 
specific ilesijrnation, are well ro]M*esente4l in the collections accessihle 
to us fnmi the Chester formation. The spi-cies is intimately allied 
to that described from the sul»ja<-ent St. Louis hmestone, Cochl'iodtts 
Van Hiu'hH, of which it con.stituies a tine example of a represen- 
tative s]»ecics. As distin^iuislud from the St. Louis species, the 
mandibular terminal tooth is relatively narrower in lateral diameter, 
stron^^er and more compai-tly built, the alation proportionately nar- 
rower and the iiieilian-lol)e correspondiii^'ly wider: the narrow me- 
<lian tooth is api>arently more elevated alon^' the crest ; the maxillary 
posterior teeth, on the otln r hand, are pro])ortionately more elongate 
trans\ersely. p(»sterior l(»be more pronniieut. and the median depres- 
sion more deeply excavated and detinod by steeper walls; in regard 
to tlu' distinctions observiible in the serial teeth, those supposed to 
pertain to tb(^ imseut species are i)erceptibly less elongate laterally, 
with less abrupt inutT coronal faj'e. a nil generally more robust pro- 
])ortions. as compared with the normally developed individuals of 
C Vtin IhnHii, which, as has been ])oiuted out, vary to Si very re- 
markable degree in their coronal aspects. 

(n'ti1i)'i}r<il jHifiiiiini mid lnr,iU/'i,si: CliesttT limestouc ; Chester and 
I'^vansvilb', (Kauclolph county,^ Prairie du Long, (Monroe county,) 
Illinois. 
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Genus PCECILODUS, Agassiz. 

P<EciL0DU8 Vausoviensis, St. J. and W. 

PI. Vin. Fig. 13. 14. 

Posterior teeth of tbe upper jaw of small size, subelliptical in 
outline, strongly arched in the direction of inroUment. Antero- 
lateral border slightly oblique to the inner margin forward and out- 
ward; postero — lateral border gently arched and converging toward 
inroUed outer margin at an angle of 80', more or less, with the 
antero-lateral border; inner margin moderately concave in the 
median region, broadly arched round the posterior lobe to the 
acutely rounded extremity, and similarly arched round the base of 
the less prominent anterior lobe to the obtuse anterior angle. Cor- 
onal region presenting a very oblique, moderately elevated, regularly 
transversely arched posterior lobe, a slight sulcus extending along 
the outer side parallel with the postero-lateral border, anteriorly 
defined by the moderately excavated median depression; the muti- 
lated condition of the nock does not permit the contour of the 
anterior lobe to bo satisfactorily made out, although it seems to 
have been moderately arched transversely. The posterior lobe shows 
a few relatively strong transverse corrugations, which are obsolete 
in worn examples ; surface punctation fine and moderately spaced* 
Transverse diameter of a mature tooth at the inner margin 12.5 mm. ; 
length of antero-lateral border 4 mm. 

The above species is represented, in the collection of Mr. Van 
Home by only two examples of the maxillary terminal form. The 
specimens are mutilated in the anterior region, but the posterior 
prominence exhibits the characteristic contour prevalent in certain 
species of the genus, hence its present reference. The transverse 
undulations of the posterior lobe recall the Chester species, P. Crs- 
triensia, although they are less in number and not so deeply im- 
pressed in the interspaces; while the antero-lateral border seems 
to be longer and less obliquely curved outward and forward. Its 
relations with P, St. Lmhrla are much less intimate, the presence 
of the transverse corrugations of the posterior lobe offering a marked 
distinguishing feature in contrast with that species. Should the 
anterior lobe be found, from the examination of perfect individuals 
to present a regularly convex elevati(.)n, instead of an angularly 
arohed ridge, such as is cliaracterij?tic of the genus Fa'c'dodm, the 
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s|KriL'S ri'pn-sfiitril liy tlir prt'seiit form woiilil then havo to be re- 

innl,ij\i,il jHisifinn tiN'i !"r,ilitii: Warsaw I iiiU'stoiii' ; near the mouth 
nl' riasa i-rci-k. u1m)\c Alton. IIL 

I'lrciLohi s St. Liimivhi. St. J. ami W. 

VI. VIII. ri«. V ij. 

IVrth of small sizr, representing the posterior forms of the upper 
and Io\v(*r jaws: (Untal armamiiit of the anterior portions of the 
jaws unknown. 

Maiiclilmlar i»o.>>ti'rit»r teeth strongly an-hed in the direction of iu- 
rolhnent. in outline presentinjj the usual suhspatulate form. Antero- 
lateral horder nlatively very short. formin«i nearly a right angle 
with a line couneetini: tlie an^'ks of the inner mar<:iu, extremely 
atteiuiateil and (Mtutraetetl from the anterior coronal ridge; postero- 
lateral i»order i'tinvepjinrj toward poiut i»f inrollment at an angle of 
oH . more or le.-s, with the o])piisite horder. hasal portion deeply 
channeled and widely e\])anded heyoiid the coronal limits posteri- 
orly, terminating,' in the acutely rounde«l sjmr of the posterior ex- 
tremity: imier nuir^in makin*; a dt ep rej^nilar concavity in the 
rei:rit>n of tiie po>terior ile])ressit»n, broadly an-hed round the base 
of the median lohe, with a shallow concavity in the intermediate 
dei)i-ession in front, anil angularly arrhe«l rouml the anterior ridge, 
heyi>nd which the rourse is suddenly an*! very obliquely deflected 
fi>rward t«> the ohtuse anterior anjile. The coronal region is strongly 
marki'd l»y the characteristic cimtour features. Anterior lobe nar- 
ii»w, prominent, culminating in a n)undetl crest moderately oblique 
to the antero-lateral horder. in front of the abrupt slightly convex 
slo])e, (bscemlin*^ to the coronal limits, wh(re it is bordered by a 
narn^w slightly de))resscd belt, beyouil which the basal portion pro- 
jects as a wijje. ra])idiy narrowing a])rMn U) the anterior extremity 
of the tooth; po^te^ior sbqie equally abn;]>t but of less vertical ex- 
tent; intermediate de]»ression eipiaiint; the )»readth of the anterior 
lobe, in }»erfect teeth sliowin*; a marly ]dane area narrowing from 
Avithin outward, delined from the bonh rin^' elevations by a slight 
angulation on either sicle, in worn and mature examples the depres- 
sion ])resent^. a more or less deep, rej^ular transverse concavity; 
median or ])rincii)al b»be situjite a little ]M»sterior of the median 
line, broadly and re^:ularly arched tran>ver^ely, the abrupt and 
longer slope discendin^' into tlie [Misterior ilepression which is tra- 
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versed by a Bli(:;ht angulation, whence the eurfaee riaes with slight 
concavity into the moderately upraised alation, along the border of 
which the thickened enamel is rounded over in a relatively wide in- 
beveled fold to the basii! portion. The inner edge of the crown, in 
Bome BpccimenR, bIiows a widinh belt of the dense enamel without 
blemish, as it was when enveloped in the formative membrane; 
where- the surface iB exfoliated and abraded the coarse punctate 
structure is revealed. The surface is ordinarily marked by fine 
closely arranged punctti!, sometimeB showing a diapositiou toward 
transverse arriLngement, but othenviae smooth and destitute of cor- 
rugations. Greatest transverse diameter of a mature toolb across 
inner margin 16 mm. ; length along crest of the anterior lobe to the 
outer inrolled margin 7 mm. ; or about as great again as the leoRth 
of the extreme ante ro- lateral border. 

Maxillary posterior teeth aubelliptical in outline, strongly inrolled 
along the outer margin. Antero-lateral border with a slightly 
oblique forward course, baaal portion channeled and defined above 
by a relatively strong, inbeveled coronal fold ; postero-lateral border 
converging toward point of inrollment at an angle of 30 to i<y 
with the opposite aide, making a gentle regular curve from the 
produced, acutely-rounded posterior extremity to the inrolled outer 
margin, basal portion rather dee]ily channeled and expanded beyond 
the coronal border; inner margin broadly arched round the base of 
the poaterior prominence, with a broad concavity in the region of 
the median depression, aomewhat angularly arched round the ante- 
rior lobe to the obtuae anterior angle. Contour of the coronal 
regions strongly marked, poaterior lobe occupying nearly halt the 
lateral diameter of the crown, presenting a broad j^entle slope pos- 
teriorly, slightly convex aiiove and faintly depressed on ueariug the 
border, which is defined by a rather strong inbeveled enamel fold ; 
the anterior declivity abruptly descends from the more or less 
angularly rounded ere at with alight concavity, merging into the 
deep, wide median depreaaiou ; anteiior lobe culminating in a 
aharply rounded crest flanked by nearly equally ateep slopes oa 
either side, that in front terminating in a narrow revolving groove 
or angulation which is bordereil by the narrow, rounded marginal 
fold of the anterior border. Surface appearances the same as noted 
in the mandibular teeth above described, with tlie same tendency 
to tranaverse disposition of the poaote in lines more or leaa coinci- 
dent with the outline of the inner margin of the tooth. A medium 
size individual measures in greataAtfeanaverae diameter between 
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the oxtronu* :iii«^'h's of the iiin<-r margin 18 mm. ; length along 
imtero-hitfral horili'i- :i nnn. 

Tho ahove <U"scrilH'il forms arc ahout eqnally numerously repre- 
S(nt« <| in iutiiviihiaN in the <.'oIK'i'tion>. although the specimens are 
in a ni«»n' or lo^^s fiJiL'nuntai y .state of preservatitm. The iliscovery 
hy Mr. Van IIt)ruu of tht* niandihle hearing the pi>sterior pair of 
ti'i'tli, a!i«l shi»\vin;j: th-.* pri)\inial articnhir extremity the right 
ramus ami tin- snmt'wliat ])ru»hu*f<l, laterally narrowed extremity in 
th<- ro;:ion (»f X\w symphysis, is tlu- most intrresting in connection 
with till- ^''-nus. Tht' ^^•lui-o^^itinl tissue of the nnimlihle in this 
in>tance mm ins \o havt- ninarkahlv intimate connection with the 
dental i>hites. and i>n ^crvcd in surli a manner as to have the 
appearancf of a cylindrical scrnll. the inferior or inner margin 
heinj: hroULdit round to tiie exterior siile. as the specimen rests in 
the limestone matrix. It forms a thin plate wiiose walls have heen 
hroUii:ht into e.)nta''t hy pressure, hut p«)steriorly it probahly 
shows its normal shn])e and dimen>ions, wliere it presents a eres- 
ci'ntif<um excavation with the ci)ndyloid or inferior process most 
produced iK)Hteriorly, the superior ))rocess relatively strongest. An- 
teriorly in the re^'ion ()f the sym])hysis. the mandii»le is less dis- 
tinctly outlined. It is luoderately }uotlucecl and apparently obtusely 
rouu'led. tile rami nieetinj^' at tlie symphysis but not anchylobed, 
and bearinj^' either >ide a sli^'lit ])rotuberance ehmgated parallel with 
the syiii]diy>ical line, hut without a vesti^^e i)( the dental plates to 
whirh they atTordcd su])port. The latter more evidently of very 
small size, and if, as in < 'whJintlns^ the distal extremity of the rami 
weri' armed with a median and anteri«)r convoluted plate, their ex- 
treme diminutivenc s> mav account for their ai>sence in the collee- 
tioTi?i. The same conclusion is al^o ])erniis>ihle in reference to the 
anterior dentary tleinents of the upper jaw. 

(n-ftla(jir,(l j/,,.<if}nn ,iinl hu;iJ\t]r>i: St. Louis limestcmc; St. Louis, 
Mo.; Alton, 111.: Pella, Iowa. 
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PcEciLODUs Ckstriensis, St. J. and W. 

PI. Vni. Fiff. 15-17. 

Teeth of medium or small size, mandibular posterior form having 
the general trapezoidal outline of CochUoduSy or a great transverse 
diameter compared with that in the direction of the strongly arched 
inroUment. Antero-lateral border comparatively short, a distinct 
furrow defining the narrow enamel fold from the shallow basal rim, 
sharply inrolled spirally at the extremity ; inner margin very oblique 
in front, joining the articular border at a very obtuse angle, sud- 
denly rounded at anterior ridge and more broadly bo in passing the 
base of the principal ridge, moderately incurved in the intermediate 
space, and again on extending into the somewhat produced posterior 
angle; postero-lateral border moderately arched and rapidly con- 
verging toward point of inrollment, coronal enamel forming a rela- 
tively strong fold defined by a deep narrow sulcus from the inferior 
basal rim, which projects posteriorly beyond the coronal limits, ter- 
minating in a more or less produced spur. Anterior coronal ridge 
nearly as prominent but narrower than that behind, culminating in 
a sharply rounded crest with steep slopes descendhig to the antero- 
lateral border on the one hand, and into the deep, narrow median 
depression on the other; principal ridge situate about equidistant 
between the angles of the inner margin, broadly arched transversely 
over the inner third of its extent, but more sharply rounded in the 
outer portion, the posterior slope abrupt, and as hi the parallel 
ridge somewhat deeply excavated; posterior depression broad and 
deep, the transversely slightly concave surface steadily rising into 
the wide posterior alatiou, which comprises about one- third the lat- 
eral diameter of the crown. Surface along the inner margin envel- 
oped in a glassy enamel layer beneath which the minute densely 
crowded punctie are distinctly visible, and which are laid bare over 
the greater area of the triturating surface in front ; faint transverse 
undulations traverse the crown conforming to the curvature of the 
inner margin, worn specimens exhibiting more distinct irregular 
undulations along the crests of the coronal prominences. A speci- 
men of ordinary size measures across the inner margin 1(5 mm.. ; 
length along principal ridge to inrolled outer margin, 10 mm. ; 
length of anterior articular border, about 3.5 mm. 

Maxillary posterior teeth subelliptical in outline, strongly inrolled 
at the outer margin. Antero-lateral ])order produced obliquely forward 
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from the ()l»tu>e iiiiur an^'k*: postcfro-latoral border also obliijuely 
jiinl rajiidly convirtxinp fnnii thi- subacute ])OKterior extremity towards 
inrolltil niarL'iu, basal ]>orti(»n cbanui'liMi and ])()8teriorly expanding 
licyouil the limits of thi* rouiub-d. inbcvelod coronal fold ; inner mar- 
«;in stntUL'ly anhi-d ronud tlie base of the posterior prominence, 
sharply coiitracK d in front, anil broadly arched round the anterior 
li»bi' to the antiTo-lattrnl border. (*oronal region divided into nearly 
o«iual ]»arts by tlu» rtlativily narrow, tleeply excavated median de- 
))nssioii. ])ost('rior ])roniin<.in*e rcjjularly arched transversely into the 
broad roundiMl cro^t. which is interrupted by a few relatively strong, 
slnn't transYrrsf furrows ami correspond inj^ ridges extending over the 
(»uti'r half «>r num- i»f its extent: anterior ridge also quite prominent 
with re^Milar transverse convexity, and similarly marked by trans- 
verse corni^'ntions. Surface ;:i'nerally minuti'ly ])unctate. A specimen 
below medium siz»' measures, in greatest diameter across the inner 
margin, 13 nnn. : K-ngth ab»ng antero-latoral border, 3 mm., more 
or less. 

Other associate fi>rms of the species renniin unknown; the small 
size (if the reeognizeil terminal teeth indicate for the unknown forms 
a diminutive size an<l »lelii-acy that, in a measure, explains their 
absmce in the ci»II»M'tions, which, iuileed, contain comparatively few 
in«lividiials t>f either of the re])resentative forms described above. The 
prominent transversa c«»rrui:ations ornamenting the coronal ridges 
servr to ili>iin.L;uisli tin* sp»>cies from its con«:eners of the subjacent 
f()rmations and sub.-M »iuent deposits of the Coal Measures. In the 
latter n--pfct, also, it presents tpiiie as marked a contrast with the 
Kinv»iM'.in speeii's. »irin;in:illy <listinguished under the unincs , Pa^cilodus 
'fmnaii and l\it']hhhi.>i r •////./ //»/.s', Ag. 

(nulitf'/rtfl jHtsif'nm timl Jnr.fUti/: Chester limestone ; Chester, Illinois. 

INKciLonrs \Vt)KTni:Ni, St. J. 

VI VIII. V\K. IS. 

The Chester fornnition has recently alTorded an example of a man- 
dilnilar terminal to«»th »^f Pwyihulitii, This is referable to a species 
markedly di.-tinct from all others kn<>wn to me. The specimen was 
obtaiiUMl. ])i'ohably. fr«)m the limrsti>ne overlying the horizon from 
wliirh till- majority n[ the fish-remains of the Cluster were derivedi 
and is, thus fsir, a unique re])resentative of its kind. The tooth 
belongs to the left ramus, and. besidis its great size, it is difl- 
tingiiished bv the following characteristics: 
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General outline trigonal, lateral diameter proportionately short, 
compared to the length, which it but little exceeds ; general course of 
inner margin nearly at right-angles \vith the antero-lateral border, 
somewhat sinuous and' broadly rounded, and somewhat sharply so 
in passing the angle of the principal coronal prominence, thence 
pursuing a slightly-curved course into the produced posterior angle ; 
antero-lateral border nearly straight or very gently-curved sigmoidally 
in passing into the extremely-inrolled outer extremity ; basal portion 
nearly vertical, very deep, and defined above by the usual narrow- 
enamel fold, which forms an inbeveled coping projecting considerably 
beyond the basal wall ; postero-lateral border rapidly converging to- 
ward the outer margin, making an angle of about 5(r with the anterior 
border; condition of coronal fold and basal edge not determinable. 
Coronal region strongly arched in the direction of inrollment, and 
principally occupied by the longitudinal prominences ; principal ridge 
nearly median, strongly arched transversely and defined by a more 
or less distinct angulation from the broad, posterior depression, 
which is bordered by the gentle acclivity rising into the postero- 
lateral border of the alate expansion ; anterior ridge almost equally 
prominent and similar in contour to the principal ridge, from which 
it is separated by a deep depression of nearly equal breadth, with 
very steep, concave walls, slightly flattened along the rounded crest, 
the slope in front descending, in a similar slight concavity, to the 
antero-lateral border, w^hich is margined by a very narrow fold of the 
coronal enamel. Surface minutely and densely punctate, with faint 
transverse lines along the less worn inner margin, otherwise des- 
titute of the rugosities common to nearly all its congeners. Trans- 
verse diameter at the inner margin about 35 mm. ; length of antero- 
lateral border to point of inrollment, 25 mm. ; ditto along principal 
coronal ridge, about 80 mm, ; depth of antero-lateral border, 5 mm. 

The outer portion, as also the postero-lateral border, is mutilated, 
exposing to view the remarkable inrollment which amounts to one 
and a half revolutions, with a short convoluted apex. The form 
described differs in so marked a degree from other species of the 
genus as not to require detailed comparison ; it is chiefly distinguished 
from allied species by the regularly arched coronal ridges, deep 
narrow median depression, and abbreviated transverse diameter. 

This largest American representative of the genus, and I believe 
the largest species known, is dedicated to Professor Worthcu, the 
venerable director of the geological survey. 

Geological poBitian and locality: Chester limestone, Chester, 111. 
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TiKi iLciprs Si'i;iN«iKKi. St. J. iiml \Y. 

v\. VI 11. riu'. v. 
'I'Ih- pn x'lit >|K-«-i»s is inaiU' known from a few examples repre- 
stiitiiii: I la- jinstt-rinr «•!• ttriii.nal fonn of the mandible. The teeth 
attain iih tljnm >i/.r. stn»ni:lv iirrlu'il in tlit* direction of inrollment. 
Aiiti ni-l:iti ral Imriltr slJLrlitly oMi^iiH". outward and ftirward, to the 
;:iin."nil cour'M.' nf tin- iinur m!trj:in. relatively short, basal border 
cliMinuli '1 : iio>t. ro-latt'r:il l»ni-.l«'r (••>!! vi.-r«»ts towards outer inrolled 
margin at an anLrii- nf .';f» nicn- «»r h.ss, with (opposite border, basal 
porti«»n unluinwn : inia-r niar;,'in stniiijjly tletltfted liaekward from 
tlu' vi-rv «.>litUM' aiiti rit>r aiiizlr. niakinir an anj^lr at the base of the 
antrriiT IoIm-, with a rr^nilar r<»iicavity in tlie rej^'ion of the median 
di pri'>>i'Mi, a^» aiso ni passiiiLi tlit^ posterior depression into the 
aiMitflv rouMiKil i>n-tirii>r r\Tivniitv, l)roadlv arched round the base 
of tin- ])osttri"r «>r ])rinci]»al lobe. Tin- characterislic contour features 
slronuly niarl\i«l in thr coronal region: anterior lobe rising into a 
narrow siiarply roun-K'd cn-.-t. anti-rior slope slightly concave and 
di'lhud ]»v a narrow nannlid fold inbevckd to the inferior or basal 
birdt-r: nKfliiin iU})rt'>-ion di-cply » xcavated and rej^ularly concave 
traii>vi r>i ly. marki-il by a fiw, tlirre more or less, parallel longitu- 
dinal fol(U : pi.-triinr rid;:e more bn»ailly a relied transversely, prom- 
imiit. abruptly «!e('linin«: into the deep po.-^terior depression, which is 
buidoriMJ by liie str<»nLrly ii]u-aise(l. broad alation. Surface, aside 
frt'ni the alrra<ly nn-ntion«'d lon^'itudinsil foMs occupying the bottom 
of tiie nii-'iian iK-pn-.^-ion. Minmtli, and minutely and densely punc- 
tate, tlii- i»'.nict:» I \liil'i;iii.ir a ten-lency to transverse disposition in 
liiits ]>.iral!i'l with tin- inner m.in.nn. JJreadth between angles of 
iinnr niariiin 'Jl nnn. : len;:tli alon^' antrro-lateral border 5 mm., 
(ir a triib' less than ball" the loni^itihlinal diameter along the anterior 

lob»". 

Tile above >pe(ie-. the repre^^entatives of wliieh were discovered 
by Frank S]»ri!i.i'er, I'^s<|.. in wh«»se innior the specilic desigtiation is 
•,n\tn, ii[)'f-Y< rc-eniblance^ almost npially intimate with the species 
d«'.-cribi «1 riTiM ri.is. ly fn>m the St. Lonis and Chester formations of 
till' rpptr Mir-<i>--ipi>i re;^'ion. so far at least as may be judged by 
tlio •MHiipariHnn of thi- single re]>resentative form of the present 
rpi''i«s. Th(? <.\treme obli»piiiy nr rather ] posteriorly produced inner 
niaiL'in in front of the anteri<»r lobe, however, distinguished the form 
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from Poeclhdm St. Ludorici, and the presence of longitudinal folds 
in the median depression offers a contrast with P. Cestrimsis, 

Geological position and locality: Lower Carboniferous limestone 
strata; vicinity of Santa Fe, New Mexico. 

PcEciLODUS CAiiROXARitJS, St. J. and W. 

PI. VIII. FlK. 2<>-2I. 

Teeth of medium or small size, known from the opposed terminal 
forms of the upper and lower jaws. 

Posterior teeth of the mandibles characterized by the relatively low 
coronal ridges, the principal ridge situate considerably posterior of 
a line traversing the middle of the tooth in the direction of inroll- 
ment, broadly arched transversely along the inner margin but form 
ing a narrow angularly rounded ridge toward the outer margin; 
anterior ridge narrow, ' sharply rounded along the crest, steeply 
sloping to the articular border of the antero-lateral side, and nearly 
equally abruptly inclined behind into tiie comparatively wide median 
depression separating it from the principal ridge, and which is tra- 
versed by a slight longitudinal fold ; posterior depression defined on 
the one side by the steep slope of the principal ridge, and on the 
other moderately rishig into the comparatively narrow alate expan- 
sion of the postero-hiteral border, which terminates in the moder- 
ately produced posterior angle ; postero-lateral border nearly vertical 
or produced slightly outward inferiorly, defined along the upper edge 
by the narrow inbeveled enamel fold and slightly channeled ; antero- 
lateral border not well shown in the accessible examples. Breadth 
of tooth across the inner margin 17 mm. ; length of aiitero-latera 
articular edge 4.5 to 5 mm. ; longitudinal diameter along principal 
ridge to inrolled outer margin about li>.5 mm. 

Posterior teeth of the maxillaries in general outline elliptical, rather 
strongly and spirally inrolled, broadly arched outward along the inner 
margin with a slight concavity in the region of the median coronal 
depression; postero-lateral border terminating in a sharply rounded 
angle, thence gently and regularly curved in its rapid convergence 
toward point of inroUment, the relatively strong enamel fold inbev- 
eled to the basal rim from which it is defined by a deep narrow 
groove; antero-lateral border very oblique outward and forward to 
the inner margin, and also apparently defined along the upper edge 
by a narrow inbeveled enamel fold. Coronal contour regularly and 
rather strongly arched longitudinally, moderately so transversely; 
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]M)st('rit»r or priiiripjil r'u\\iv u{'r\\]\\'m*: hiilf the* lateral dianirter of 
tlii^ tnotli. riithcr str<>ni:ly <'(>nvL-x transviTsely. posterior slope mod- 
vrtito aiitl uiiifnnii to tlu- pi'stt-ro-Iati-ra] l»onler. opposite slope steeply 
«l«s(rn«liii;j with slij/lit rt»!icjivity iiitt) tlif narrow median depresBion 
wlii'li rt»rri'j-|«niils in tin- t.*\tn-iiU' <»I)li«|uity to the course of the on- 
tfrinr Miiiruliir hnrilrr; ant< rior ridj^i* culminating in a eharply 
ronmk'rl crest, towanl tlit- oiih.-r uiarLMn lliinkcd hy the nearly verti- 
cal. <-oHc:i\r sli)]K* of tlir iM«-di;ni depression, the horder opposite 
declivity more gently di'sci-ndin^ to the antero-lateral border along 
wliich it is sliu'litly ilcjucsxij. and markoil hy faint longitudinal un- 
diilaiions. or s<»nieti!iHs interrupted plicu- which oblicjuely descend 
from near the crest t»>\\ard tlie ohliijuc anterior portion of the inner 
m:ir^:in. Lenizth <»f a specimen tM' ordinary size along the antero- 
lateral bonier about t» mm. : tran>vir>e diameter at the inner margin 
17 mm. 

Triturating surface finely anil closely punctate in both forms men- 
tioned above, presenting' the usual variations in accordance with the 
dej^ree of abrasi«>n to wbich the surface has been subjected. In 
erossint; the narrow ri«l*:es the puncta* often show marked lateral 
e]oii<:ati<ni and dispo-itii»n in ])ara]lel rows corresponding in course 
to the formativr' maririn. besidi-s the »»bli«jue and longitudinal folds 
already nieutiomd twrurriu};' in the anterior slope of the maxillary 
tei'th : and in excissixt ly worn surfaces the mcdulary layer is entirely 
reninved, exposin;j to view tlio dense homo^^enous inferior layer of 
the dental structure. 

Only a few >]u'cinuns npresentinj^ the above described forms have 
hcen obtained, M^-»ciated in the same stratum at LaSalle ; examples 
of ]U'obal»ly sjiecideaily iiji ntical foiius havr come to our notice from 
other l-icalities in Illinois and Kansas. The s]>ecies offers characters 
readily jlistin^ui>hinu' it from allied (arlier a})pearing forms; the 
lonj^'itudinally riil-e.l median de])ression and relatively narrow alate 
evjpansion ()f tin- luitndibular terminal teeth, and the relative pro- 
j)ortions (»f the coronal ]U'ominences and the ]u'culiar undulations of 
the anteri«»r ?-1o)k* in the maxillary teeth constitute the salient fea- 
tures contiM.^liu'j the ^ju-cies with /'. (^rsf rim fits, 

drijfiiiir.fl jfut'i .n ifwl A ■'///"///■s : I'jiper ('t.)al Measures; LaSalle, 
111., and Kansas. A sinj^Mi specimen has been obtiiined from the 
dark hmesl«uie twenly feet a hove Coal No. tt, nc-ar Jndleville, and 
Ml'. Butters has discovtred the same reuiaijis in the roof shales of 
Coal No. .") at (.'arlinville. this State. 



VERTEBRATES. 141 



Gknus DELTODUS, Agassiz. 




Carboniferous, 1878. 

These forms have thus far been recoguized as having probably 
pertained to one and the same generic category, as follows: 

Mandibular posterior teeth sub-triangular or sub-spatulate in out- 
line, arched and slightly spirally inrolled from within outward. An- 
tero-lateral border with a slight concavity in its course from the inner 
angle to the inrolled outer margin, basal portion channeled and ter- 
minated below in a thin rim, bordered above by the inbeveled belt 
which is enveloped in the coronal enamel, and partaking of its punc- 
tate structure; postero-lateral border obliquely converging from the 
sub-acute posterior angle toward the outer margin, gently arched, 
nearly vertical, basal portion channeled and delined above by a nar- 
rower, more or less abruptly-rounded belt of coronal enamel; inner 
margin sigmoidally curved, broadly arched from the obtuse anterior 
angle round the base of the coronal prominence, with a concave 
course thence to the sub-acute posterior angle. Coronal region pre- 
senting a prominent anterior ridge culminating iji a more or less 
rounded crest near the median line, with gentle inclination to the 
antero-lateral border, abruptly sloped into the posterior depression, 
which is defined by the more or less upraised border forming the 
posterior alate lobe. 

Mandibular median teeth cuneate or elongate sub-trapezoidal in 
outline, relatively narrow^ transverse diameter, longitudinally arched 
and inrolled at the outer margin. Postero-lateral border with a 
slight sigmoidal curvature an^fiomewhat oblique outward and for- 
ward course, basal portion channeled and terminating in a narrow 
edge, coronal belt relatively wide, abruptly beveled to the narrow 
ridge limiting the basal furrow, the articular border nicely co-adapted 
to that of the conterminous posterior tooth ; antero-lateral border rel- 
atively short, less oblique in its outward and forward course, basal por- 
tion relatively narrow, channeled, limited above by the rounded, inbev- 
eled enamel fold ; the inner margin is peculiar for the obliquity of the 
anterior half and sudden deflection nearly at right-angles in round- 
ing the base of the coronal ridge, with a slight concavity in its 
course thence to the sub-acute posterior angle; coronal region tra- 
versed by a strong median ridge, culmiiiatiiig in a rounded crest, 
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tlu- .sIi>]K' termiiiaun>^' in a narrow dipressiun, which is horderud by 
tht* nmri' or k'as \v< ll-ililini'<l niar^'inal fold along the anterior ar- 
ticular b<»rilt'r. til it iu'liind mt-p^iiii; into tlie wider depression which' 
i> lioi«K'r»'il l»y th« u:irriiw. alatt- IoIm- of the posterior border. Othi-r 
dental fornix uf the iiiandibKs unknown. 

Mavilliiry jM»>trrior tt»th tri^'unal in outline, relatively longer and 
lf>> .--trnnu'ly an-hi-d :ind inrolliMJ than the oppo>ed mandibular teeth. 
Antrro-lattral I'onhr ^t-ntly <-uivtd si^^nioiduUy outward and slightly 
fiirwaiil. pro].M)riionalfly low and iiiheviled. ilelined by the narrow, 
roundt d, iiilu-vrkMl cnanicl fnld. whii'li i> separated from the shallow 
basal nni i'V a narrow furrow: tin- j)o.-trro-latrral border more ob- 
litiuely cunvt-ruf.-- towanl tli»- outer inrolled nnirj^in with gentle cur- 
vature, u>ually stron^'ly iidM-velfil. the coronal enamel contributing 
a relatively wiilc bill ii:i»eveKd to tlie deep, more or less distinctly- 
(dianneled ba*^:il ])ortion. wliitdi meets the inferior .surface of the 
tootii in an oittuse anLMilatiun : inner margin very obliquely produced 
from tile sli^^dit anterior an^de t'l the ba^e i)f the coronal prominence, 
whei'e it i> ai»ruptly tit lli'cted wiiii a >-ii^dit concavity in passing the 
])osterior conMial depression to ilie >ul»-acule posterior extremity. 
The ant« rior ]»ortion of tlie entwn i^ ore u pied l»y a pnunineut ridge, 
the more or le^s rounded. ^'^•metinK■■^ auj^'ular crest, culminating 
nerire.-t the antemdateral border, to which it is .steeply sloped, and 
di.jined by the slialK»w. di pre.-sed belt Imrdt rinjj; that side; the op- 
]»o.-lte side lue-^entinL' a wider. .i:en!ly-c«)nve\. or concave slope, de- 
seeiidin.i: inin the )K)«,ttriMr depres-inn, wliieh is liounded by the more 
or less stron<j:ly.upraisi-d ]>r»j.ierinr alation. TIio character of the 
anteri<»r teeth a^^nciated witii the above form has not been deter- 
niini d. 

Tin- superlicial characters assoeiaud in common with the forms 
above noticeil an- subjeet to \ a rial ions hutdi as characterize the 
>}ncitstiiey represtiit. \Vliile llie normal condition of the crown is 
that ol a sni(H)tb. linely and densely punctate surface, to these 
features certain sjiecies add n:iin»w, inii)ressed transverse sulci, 
\\lii(di in tjfhers assunjc the ninj:niludc of broad undulations cross- 
inn the crown ])arallel to tlie inner niarLjin of the tooth. There are 
also, in ct rtain ^i)ecies, lUDre t»r less distinctly developed longitudi- 
nal plica- or furrows, which are esiu-cially discernible in the less 
woni surface toward the itnur margin. 

Tile tonus al)ovi- allurletl tr» have already l>een brou^dit to the 
attention of naturalists, and tlieir con^^neric relaticmship con- 
jectured. As early as IHoi) rroles-or A'lasMz had recognized the 



VERTEBRATES. 143 

generic identity of the forms here referred to the posterior position 
upon the upper and lower jaws respectively, to which he then gave 
the name Dcltodus, which was accepted by European authorities 
and recognized in various publications. Prior to the above date, 
Professor Frederick McCoy, in the British Palaeozoic Fossils, 1855, 
recognized the probable identity of the narrow median teeth, here 
referred to the mandibles, with the so-called "anterior teeth" of 
Deltodus suhUeviSy which he described under the name Ptrcilodus 
paralhliis. The latter form presents the same general figure and 
coional contour here ascribed to the median form, although at the 
same time it presents marked specific characters. Heretofore 
authors have not essayed the disthict definition of the dental ele- 
ments pertaining to the upper and lower jaws of this genus, and in 
the attempt in that direction here initiated we are profoundly 
conscious of the meagre, imperfect data from which to draw evidence 
which shall not be open to objection on account of its inconclusive 
nature. However the facts are briefly stated, and if they do not 
cany conviction as to the justness of the interpretations arrived at 
they will at least show the difKculties in the way of the student 
who shall attempt the restoration of extinct forms from few and 
detached remains such as are represented by these teeth. 

We are thoroughly satisfied with the conjecture of Professor 
McCoy as to the relative position and specific identity of the narrow 
median tooth, as above pointed out; but, on the other hand, the 
data do not sustain former inferences as to the position occupied 
by the form with which the narrow teeth were associated upon the 
jaw. The so-called ^'anterior'' tooth possesses essentially the char- 
acteristics of the form which, in CorJdiodus, is known to hold a 
posterior or terminal position upon the mandible. The latter form 
thus transposed readily lends itself to interpreting the median posi- 
tion of the succeeding narrow tooth, the articular walls exactly con- 
forming in coadaptation, and thus placed they assume a symmetrical 
disposition perfectly in consonance with that characterizing the man- 
dibles of Coi'hUodus, P(Mlodu8 and Cest radon; on tlie other hand, it 
is impossible to conceive of so intimate relations in the case of the 
so-called **tenninar' tooth with either of the forms just alluded to. 
However, certain features are noticeable by which a certain striking 
resemblance is manifest between the median form and that here 
referred to the posterior or terminal position on the upper jaw (the 
^'terminal'* tooth of authors). This consists in the remarkably close 
similarity in coronal contour which obtains in either form alike, 
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HlTlinii;:li in outliiK' mill «:t-mriil tiitpouraiu'i* they are so markedly 
(lin'rniit ouv from tlu- othir. A roni)iaris()ii of the forms reveals 
till- same drpri-^si'il or sulfatiMl aiitiTinr slope of the principal 
mroiial i»roini!itin*i'. \ii'\ oiiliiiin- jinttiior )Hirtion of the inner mar- 
vrin anil it> al»rupt «UlKrtiMn in i>a>^inj»' arouinl the hase of the coro- 
nal ri«luv into tlie pnsttrior ixtriinity: i-vi-n the articular edge of the 
anti riur i'onji'rs in the t\v«» forms is v«-ry like, hut in the postero- 
lateral Imnlers there is marked tlis.-imilarity hi-tween them, nor have 
we heeii a hie ti» idt-ntify anionjz^t the material hefore us forms with 
wliieli tin- maxillary jtusterinr trrtli were assot-iated. Whether the 
uppt-r jaw was terminated l»y a series of t«eth, such as undoubtedly 
oecii]ii«-d the anterior porti'»n of the jaw in C(n-h!iulus, it is impos- 
sible at the ])resent time to more than conjecture. 

The p'luis is re])rehented hy spei'ies thus far authentically reported 
only in lowt-r (.'arhoniferous formations in Kurope, where it was the 
cott-mporary of ('"cJiH^nlus. In America, however, its representatives 
ran^'e from near tlu* l»aso of the lower Carboniferous (Burlington 
linn stoned tln-ncr throu;,'li the succ^•^^sive formations up into the 
Coal Measures. The following' i> a li^t of the sjiecies at the present 
time known, the alVmitirs of the forms hein*,' recoj^nized in aceord- 
jince witli the characteristics i-ited in the forej^oing descriptions and 
observations : 

Jhlintlna suhJaris, Aj^'ass., mountain limestone, Great Britain. 
I - -]'iir/J,hli(.s jhinill*lu.<, Mc(\»y. and j»o>sibly Vnu-Uihlna iiUhtrmis, Mc- 
Cov.) 

h. S'lHl'ilhins, ,le Konin«'k. Carboniferous limestone, Belgium. 

/>. ftfi>tfnl,ifiis, N. and \V., I'. J>urlinj.'ton limestone. 

I>. tu'r'hh tiial'm, I Leidy — s]*.' Keokuk limestone, t — TK stellatUH, H. 
and W.) 

h. un'/nhifns^ N. and \V. Keokuk limi'stone. 

/>. hitini\ St. .1. and \V. KtMikuk linirstone. 

I). I/tttnHf, N. and W. Warsaw limestone? 

It, rhirtnlns, St. .1. and W. Warstiw limestone, 

J), tnltthiia, St. .1. ;iU(l W. Warsiiw limestone. 

1>. juirrnA^ St. J. and W. St. Louis limestone. 

h. 'nilernifiJ'niia, St. •!. ami W. St. L(»uis limestone. 

I). r'nuinhitnA, N. and W. Chester linu'stonc. 

/>, Ml nun] ^ Newb. LoWt-r CarlM)niferous. 

h. I'lurtlVi'i, .Si. J. and W. Ippt-r Carboniferous. 

/>. jn'nj>in'inn.^^ St. J. and W. Coal Measures. 
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Deltodus latior, St. J, and W. 

n. IX, fik. 11-12. 

Mandibular posterior teeth moderately arched longitudinally and 
rather strongly inrolled, in general outline and dimensions resemb- 
ling the same form of Deltodus occidentalis with which they are 
associated. Antero-lateral border slightly incurved, in length exceeded 
by the breadth across the inner margin, enamel fold defined from 
the basal border by a shallow groove ; general course of inner margin 
slightly oblique to the anterior border, l)roadly arched round the 
base of the coronal prominence with a slight concavity between the 
median and the posterior angles; posterolateral border gradually 
converging toward the outer margin. The upper edge defined by a 
rather thick fold of the coronal enamel. Coronal ridge most prom- 
inent in the middle portion of its extent, depressed near the inner 
margin, culminating in an obtusely rounded crest a little anterior 
of the median line, anterior slope flat or slightly depressed, pos- 
teriorly steeply inclined into the depression on that side, which is 
bordered by the rather wide moderately upraised alate expansion. 
Surface punctation very like that observed in D, occidentalis. Length 
of a medium size tooth along the antero-lateral border to inrolled 
outer margin 15 mm.; breadth across inner margin 19 mm. 

The posterior form of the mandible alone is known, of which the 
collections contain but few examples. These present, in the contour 
of the crown and proportions of the coronal prominence and alate 
lobe, characters which certainly offer striking contrast to those prev- 
alent in Deltodus occidentalis, with whose remains they are asso- 
ciated. The same observations are equally admissible when com- 
pared with the same form of D. undulatus, N. and W., also of 
the Keokuk, and D, spatulattts, N. and W., of the Upper Burlington 
limestone. In the depressed anterior slope and the consequent 
greater or less prominence of the coronal ridge, these teeth bear 
some resemblance to the homologous form of Cochliodns; however, 
the condition of the coronal fold of the antero-lateral border as also 
the coronal contour leave no room for doubt as to their congeneric 
relations with Deltodus, The paucity of examples and the absence 
of identifiable individuals of the opposite jaw have occasioned much 
hesitation in reoognifeiiig the specific distinctness of the teeth here 
alladed to; the materialB illnstratiug Z>. spatulatusy D. occidentalis, 

—10 
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and />. uiithtbitiiM, ainpk' ainl variable in their liounds as they are, 
(1(1 not makf it cKar that the prt-H^iit form is hut a varietal phasis 
of (Mil' or oth«r of tht- last luciitioiietl species. 

ihftlotfirtil pitA\t\nu iind hnuilU'us: Ki'okiik limcstone, near Warsaw 
:iii(l llaiuilton. III.; Keokuk, Iowa. 



l)ELTOi»rs cixcTiMs, St. J. aud W, 

IM. IX. Fltf. iJ. 7. 

Tfctli hrlow medium si/e. Mandibular posterior tooth triangular 
ill outliiu', lateral <liam«ter relativtlj' broad compared to the length, 
and soiiKwImt stron^dy inrolled at the outer extremity. Antero- 
lateral bonU-r nearly at right angles with a line connecting the 
inner anodes of the tooth. The u])per half or more of its height 
envulonid in the strong. inl)evcled enamel fold, beneath which the 
lia>al ])nrtion forms a narrow rim showing a coarse vascular struc- 
ture ; inner margin with a slight sigmoidal cur\'ature, broadly 
areheil round the base i»f the coronal ridge, with a moderate con- 
cavity in ]):issin^' the posterior depression into the posterior angle; 
])ostero-]ateral l>or«ler gradually converging toward the outer margin, 
occupied by a well-delhied enamel fold extending nearly half the 
depth, basal portion slightly channeled and terminating in a nar- 
row rim infi?riorly. Coronal ridge relatively broad, strongly arched 
laterally, culminating a little anterior of the median line, with a 
gradual slope into the posterior depression from which rises the rel- 
atively narrow, slightly upraised alate lobe which terminates in the 
sub-acute posterior angle; in mature or somewhat worn specimens 
where the surface has l)een deprived of the original enamel investment, 
the crown is undulated by sub-equal transverse folds and intervening 
narrow sulci c<mforming to the bands of elongate punctse that mark 
the order of increment of the tooth substance. Breadth of an ordi- 
narj'-sized specimen at the inner margin, 11.5 mm; length of antero- 
lateral border to point of inrollment, about 9 mm. 

Posterior tooth of the upper jaw trigonal in outline, moderately 
arched in the longitudinal direction. Inner margin making a sig- 
moidal curvature from the posterior sub-acute angle, broadly rounded 
into the antero-lateral border with which it is more or less oblique; 
anterior articular edge unknown ; postero-lateral border gradually 
converging toward the outer extremity; enamel fold well defined 
and separated from the basal portion by a narrow channel. Goranal 
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prominence relatively narrow, culminating about midway of the an- 
terior half of the coronal region, abruptly descending to the antero- 
lateral border, gently sloping into the broad, shallow posterior 
depression, which together with the slightly upraised wing occupies 
a proportionately wide extent of the coronal area. Surface marked 
by sub-equal and more or less parallel transverse folds, separated 
by narrow furrows similar to the opposed mandibular teeth, and 
conforming to the curvature of the inner margin. A medium size 
tooth measures in greatest transverse diameter at the inner margin 
about 11.5 mm; greatest length from posterior angle to outer in- 
rolled margin, about 16 mm. 

The species above noticed is closely allied to its congeners of the 
Deltoilus undulatm type. The mandibular posterior teeth are, how- 
ever, distinguishable by their relative great breadth at the inner 
margin, as compared to the length; the narrow wing expansion re- 
calls more the condition prevalent in D. occidentalism from which, 
however, it may be recognized by its broader, shorter form and 
undulated coronal surface. The opposed maxillary teeth bear a 
striking resemblance to D. cingulatusy N. and W., of the Chester 
limestone, differing, however, in the greater obliquity of the inner 
margin and, perhaps, the more numerous transverse sulci, producing 
the banded appearance of the crown surface, while the more widely 
expanded wing, and the greater obliquity of the inner margin, also 
serve to distinguish them from D. undxd<itu8, N. and W. ; also, in 
both forms of the present species the punct® are perceptibly more 
crowded than is the case in D. cingidatus, and in w^hich respect they 
again resemble D. undtdatus. 

As yet the collections contain very few examples of the teeth above 
referred to, but these, besides their small size, offer characters which 
seem to authorize the recognition of their distinct specific standing, 
although closely allied to the species with which they have been 
compared. 

Geological position and localities : Warsaw beds : Barrett's Station, 
St. Louis Co., Mo. ; Madison county, Fiasa creek above Alton, and 
Scott county, 111. 
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1U:ltoi»is TitiLoisrs, St. J. and W. 

ri. IX. rik'. »«. 

Maiiilihu!:ir mtdiuu tooth of tuediiim .size, wedge-shaped in outline, 
inodcriiti'ly iirrhtd ami ratlur stron^'Iy inrolled. Tostero-Iateral or 
oliliiiiu* iionlt'i* convi-r^'in}^' toward the outer extremity at an angle 
of ahoiit l."* with tht* opposite border, slightly sigmoidally cun-ed 
from tlie huh-aciite iinier angle to point of iurollment, basal portion 
of mudtrate de])th, rather deeply and nngidarly channeled, the in- 
ferior riin i>n)(lu('i'd downward and i<lightly outward beyond the lim- 
its of tlie tnanul fold, whiiii latter forms a wide belt abruptly 
beveled ahovu, with an inheveled narrow strip below; antero-lateral 
bonier proportionately short, or hardly more than half the length of 
the op]H)site articidar I)onhr. the rounded anterior coronal lobe in- 
i»ovflfd to the relatively shallow-channeled, inheveled (?) basal rim; 
inner niarv:in very obliquely ])roducod backward from the very obtuse 
anterior anj^de to the liroadly roundid base of the principal coronal 
ridge, theure to the posterior angle, making nearly a right angle to 
its anterior course, with a slight concavity in the region of the pos- 
terior d('i)ressi(>n. The ])nncipal ridge occupies half or more of the 
transverse diameter of the coronal region, rising into a high, rounded 
crest, the anterior slope sleep and terminating in a narrow depres- 
sion outwardly deliued by the rather prominent, rounded lobe trav- 
ersing the antero-lateral bonier; the opposite slope is very abrupt, 
with slight transverse concavity, merging into the rather deep pos- 
terior depression, which is bordered by the prominent alate lobe of 
the postero-lateral border. Coronal surface smooth, the inner margin 
preserving the thin enamel coating, the worn surfaces exhibiting fine, 
closely arranged punctrt\ Breadth of tooth at inner margin about 
10 mm ; length along the oblique border to point of inroUment 14 
mm. 

The above description is based upon a single nearly perfect tooth, 
the antero-lateral border being slightly distorted by pressure. Com- 
pared with allied species, it is readily distinguished from the mandi- 
bular median form of the Keokuk and Upper Burlington species, 
Dcltodiix occifltiiiiiHii (Liedy, pp.) and I>. sjKttulatus, N. and W., by the 
distinct lobed condition of the anterior border; also, the alate lobe 
is more prominent than in /). aputulatuSf and less expanded than 
occurs in IK occult' ntal'm. 
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So far as relates to the present unique example, little doubt can 
arise as to its specifically distinct character ; but as regards the forms 
with which it was specifically associated, the meageniess of the ma- 
terial hardly famishes a clue as to their identity. Thus far, the 
Warsaw limestone has afforded only a few fragmentary remains of 
Deltodus, some of which certainly are very intimately related to the 
Keokuk species D. ovcidcntalis (maxillary and mandibular posterior 
forms); but the imperfect state of preservation of these specimens 
offers nothing definite bearing on their specific identity, as noticed 
in another place. We are satisfied that the species of Deltodus are, 
in some instances at least, extremely intimately related to one 
another, although distinguishable by well-defined peculiarities, as 
exhibited by ordinarily v/ell-preserved examples. However, amongst 
the mass of material — ^like that including D. occUlenUdh and D, un- 
dulatua, of the Keokuk limestone — it is impossible to recognize the 
specific identity of the fragmentary individuals, aud the same state 
of things undoubtedly obtains in respect to allied representative 
species. 

Messrs. Newberuy and Woiithen have described (111. Geol. Suit. IV, 
p. 867, PI. IV, f. 8) a maxillary terminal form under the name Del- 
todus Littoni, reported from the Carboniferous limestone of Boone 
county, Missouri. It is uncertain whether the latter, which is rep- 
resented by an unique example, was derived from the Warsaw or 
from the St. Louis formation, both of these formations, as also the 
Keokuk, etc., occurring in the region indicated ; however, the ap- 
pearance of the limestone matrix does not suggest the latter horizon, 
and it is supposed the specimen belongs to either the Warsaw or 
the St. Louis. We owe to the courtesy of Dr. Litton, of St. Louis, 
the privilege of examining the type specimen. It is a large, much- 
worn tooth, neither border of which is sufliciently complete to per- 
mit of detail comparison with allied species. The relative great 
breadth and regular convexity of the coronal ridge and apparently 
narrow posterior alation, offer marked contrast to the prevalent 
Keokuk species D. occldentalls, bearing a greater resemblance to D. 
undidatiisi, especially, compared with woni examples of the latter 
species, in which the transverse undulations are more or less ob- 
scured, or obsolete. It is possible the narrow median tooth de- 
scribed above may be specifically identical with the latter form, in 
which event, of course, the name by which it is here designated 
will have to give way to the prior term bestowed by Messrs. Nkw- 

BERRY and WoRTHEN. 
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Gmln'/ii'iil juisitinn ,ni,l Itcalitif: Warsaw limestone; Jersey county, 

Illinois. 



Dki.todik 0(vii>kxtai-is ? (Leidy, sp.) 

ri. IX, FikT. '.•-Ii». 
(■"■iiili.'irM /'» 't'>'!ii.s ii/>i jr/r-7f/o^.«. '('Mi'hlfMiIiis i •rridviii.'ilfHi. Loifly. Ixiti, Trans. Am. Phil. 

IhiUi^his ftfl.ntnv. NKwniitiiY iiinl W'«n;THEN. l»->;. III. CtoxA. Sur.. II. p. 97. PI. IX. f. 8-4. 

The I'olhM-tioii from the Warsaw and St. Louis formations contain 
raro examples of the teeth of both the mandibular posterior and 
median forms and of the maxillary posterior form of a species 
closely allietl to, if iiuleed it i)roves not to be identical with, Delto- 
(liiii orruhntalis, (Leidy sp.) so numerously represented in the Keo- 
kuk limestone. The Warsaw speeimens, of which a single example 
of the ])<»sterior tooth of the upper and lower jaws respectively has 
been obtained, thoupjh frajxmentary, present so close a resemblance 
to the Keokuk species that were their strati^^raphical derivation not 
known they would without hesitation be relegated thereto. The 

maxillary tootli (Warsaw^ does not show (piite as angular coronaj 
rid^'r. but in tile outline and coronal contour in other respects it is 
mo^t intimate in its relations with that species. The mandibular 
tooth (.lersey comity) preserves only part of the middle or elevated 
])ortion of the tooth, the borders and extremities being mutilated 
showing' the general characteristics save the longitudinal ridges at- 
tributal)le to the Keokuk teeth. In size they are a little larger 
than the prevailing dimensions attained by the teeth of that species. 
The St. Louis si)ecinieiis are even more like the Keokuk teeth so 
far as it is possible to judge from the few examples thus far ob- 
tained. The collection of Mr. Van Home contains a fragment of 
the mandilnilar posterior tooth, from Alton, and Prof. Worthen has 
obtained from the same horizon in Monroe county, an almost entire, 
though somewhat crushed and distorted, example of the opposed 
tooth ]>elonghig to the left ramus of the upper jaw, in which the 
keel along the crest of the coronal ridge is well shown. The char- 
acter of the puneta? is also very similar to the Keokuk teeth, both 
of the specimens here alluded to being a little under medium size 
as compared with the Keokuk examples. 
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Mr. Vau Hornc has obtained from the Warsaw beds in the neigh- 
borhood of the mouth of Piasa creek, above Alton, two specimens 
of the maxillary terminal form, but, unfortunately, they are in too 
imperfect a state of preservation for the satisfactory determination 
of their specific identity. They are quite peculiar for the exceed- 
ingly crowded punctation, and one of the specimens shows quite 
distinct widely spaced transverse undulations traversing the coronal 
surface, recalling DeltoJus cingulatus, X. and W., of the Chester 
limestone. 

The Warsaw beds at Warsaw have also yielded a large example 
of the mandibular median form, which is difficult to distinguish 
from the same form associated with Dcltodus occidentalism except that 
the principal ridge is very perceptibly more broadly rounded or 
depressed along the crest and the alate lobe relatively stronger and 
a little more prominent; the antero-lateral border is broken away 
so that it is not clear how closely it resembles the typical examples 
of the species with which it is here compared as well as its 
resemblance to the form referred to under the head of D. trilohus, 
from which it differs in its more robust build and less emphasized 
coronal prominence. 

The specific identity of the teeth above alluded to, if it proves to 
be well founded, is of enhanced interest on account of the evidence 
they furnish on the perpetuation of tlie species unchanged for so 
long a period as that involved in the deposition of probably not 
less than 300 feet of sediments included between the earlier and 
the latest deposits in which its remains have been found, while 
other species subsequently appear both in the Warsaw and St 
Louis formations. 

■ 

Ocological positioyi and localities : Warsaw limestone ; Warsaw, 
Alton, and Jersey county. 111. : St. Louis limestone ; Alton, and 
Monroe county, 111. 



Deltodus parvus, St. J. and W. 

n. IX, Flff. 1-5. 

Teeth of small size. Mandibular posterior form sub-trapezoidal in 
outline, rather strongly arched and inrolled, usually a little longer 
than wide. Antero-lateral border with a shght incurved outline, 
basal portion shghtly channeled and limited above by the narrow 
enamel fold ; inner margin forming nearly a right angle with the 
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antrri«)r i» irilt-r, liroinlly nnni'le 1 with a slij^bt sigmoidal curvature 
on luariii'j: tin* jili*,'ljtly proiliici'd posterior angle of the alation ; 
]H)st('r«»-hitrriil Ijonler ^Tnhially converging toward the outer margiu 
and linrdfrrd l»y a nit ho r stron^^ fold of the coronal enamel. Crown 
Iji'oadly an-hod over tlio principal ritlge, which occupies two-thirds 
or more of the entire area, i>09teriorly rapidly sloping into the de- 
juession on that siile. which is hordercd hy the relatively narrow. 
sli.Lditly n]»raisi'd alate expansion. The surface is internipted by 
transverse sulci, especially noticoahle near the border in the ante- 
rior sloj)!' and in the posterior depression, and minutely and uni- 
formly ]>unrtatc. A worn specimen of ordinary size measures in 
len^^tli ahai^' the antoro-lnteral border about 7 mm.; greatest breadth 
across inner mar^'in, H mm. 

Maxillary posterior teetii trij:conal in outline, strongly arched and 
spirally inroiled. Antero-lateral bnrder describing a gentle sigmoidal 
curvature, basal ])ortion channeled and well defined from the strongly 
inb'jveled coronal fold, which constitutes about one-third the height 
of the border; ])ostero-lateral border gently arched, approaching 
point nf inroUnient at an an^le of about 7m" with the opposite side, 
relatively (U-ep, basal portion slij^ditly inbeveled to the inferior edge 
an<l faintly channeled, enamel fold relatively wide and sharply 
rounded ai>ov(\ inbeveled below; inner margin making an angle of 
about 150 with the anterior border, the anterior half very obliquely 
produred backwanl fr(»m the very obtuse anterior angle, rounded 
and sharply detleeted at the inner an«rle or base of the coronal 
rid«j:e nearly at ri'^ht anjjles to the anterior course, with a slightly 
concave curvature in passinj^ the posterior depression to the posterior' 
an^le. worn specimens showiiif^ the usual inbeveled inferior edge. 
Coronal contour stronj^dy marked. i)rincipal ridge culminating in the 
rounded crest a little anterior of the longitudinal median line; 
anterior slope steej), Kli<j:htly depressed near the articular border, 
where it Hares out into a narrow border fold; posterior slope regu- 
larly descending with moderate concavity, and merging into the 
l)osterior depressed belt, which is bordered by the narrow and but 
slii^ditly ui)raised expansion of the alate posterior border. Besides 
the irregularly elongated ])ores, the surface is marked by transverse 
sulci and int(;rvening wider riilijjes in the same manner noticed in the 
mandibular teeth. A mature, perfect tooth measures across the 
inner margin \) mm. ; length along antero-lateral border to the in- 
rolled outer margin, 7 mm. ; length along coronal axis, 13 mm. 
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The present species is represented by several examples of the 
mandibular and maxillary posterior forms, whose perfect state of 
preservation permits of detail comparison with allied species. It 
bears most intimate relations with Deltodm cinctidiis of the Warsaw 
beds, the mandibular teeth being chiefly distinguishable by the pro- 
portionately greater breadth of the principal coronal ridge, narrower 
posterior wing, and the more numerous transverse furrows and 
ridges; in the case of the maxillary posterior form, it contrasts 
with that of the above species in the relatively more prominent 
coronal ridge, narrower alation, abrupt deflection in the course of 
the inner margin, and the less conspicuous, narrow transverse 
undulations traversing the coronal region. 

A single imperfect specimen of a minute tooth obtained by one 
of the writers at St. Louis, is provisionally identified with the narrow 
median form of the mandible of the present species. Partaking in 
an intimate degree of the outline and coronal contour of the median 
teeth characteristic of the genus, as it is now interpreted, its small 
size suggests relationships with the specific foims above alluded to. 
It shows the prominent, rounded coronal ridge, narrow alate postero- 
lateral border, and the still narrower and shorter articular border 
of the opposite side, but the mutilated condition of the specimen 
does not disclose the distinctive specific characters that distinguish 
it from congeneric forms. 

Geological position and localities: St. Louis formation ; Pella, Iowa; 
Alton, Illinois; St. Louis, Missouri. 



Deltodus intermedius, St. J. and W. 

PI. IX. Fig. 14. 15. 

Teeth attain medium size. Maxillary posterior form sub-triangular 
in outline, rather strongly arched and inrolled. Antero-lateral border 
slightly curved sigmoidally, articular edge very narrow, inbeveled to 
the slightly channeled, shallow basal rim; postero-lateral border 
converging toward inrolled outer margin at an angle of 35^ with the 
opposite side, somewhat undulated, the relatively thick enamel fold 
sharply inbeveled to the channeled, posteriorly expanded basal rim, 
which is rather strongly produced at the subacute, rounded posterior 
angle ; inner margin strongly produced inward and slightly backward 
from the very obtuse angle at the junction of the anterior articular 
border, suddenly deflected nearly at right angles and broadly arched 
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round the base of the coronal ridfi^e, with a slight concavity in the 
rej^ion f)f the |)»»sifriordei)resrtion, iuferiorly inbeveled. Coronal ridge 
relatively narrow, .steejjly rising' from a faint depressed line near the 
Miitt rit>r ed^v. erist rounded, ^'radiially deseending into the posterior 
wiile <le|»re.ssioi], which in liordered by the moderately upraised 
alation. Surfaee nearly smooth, with obseure transverse lines along 
wliif)] the puii(*t:e exhibit eloiipited or otherwise enlarged openings, 
rarely uiiythin<: like undulations ai)]»earing. Length along crest of 
coronal nd>je to inroUed outer margin about 81 mm. ; length of 
anterior articular border 18 mm. ; j^reatest breadth across inner 
margin "11 mm. 

The eollt'ctions from St. Louis hori/ons afford a solitary authentic 
exami)le only of the present form, the nearly perfect tooth above 
described. Tliis is quite distinct from the earlier-occurring species, 
and olTei's strikin<; rcseml>lanco in coronal contour with the smooth 
individuals of Ihlttulus rinintltitiiH, N. and W., of the Chester forma- 
tion. It is, ])erha])S, distini^uishable from the latter species by the 
somewhat less j>roduced p«»stcrior angle, less elevated coronal ridge, 
and sli(uter articular edpe of the antero-lateral border. A single 
other im])erfcct example has been ol)tained by Mr. Van Home from 
the same formation at Alton, Illinois, which represents the mandi- 
bular posterior form possibly of the same species. The fragment 
imlicates a tooth nf a relatively lonj?, narrow outline with a rather 
oblii|ue inner mar^'in in front, a broad gentle slope descending from 
the crest (jf the coronal ridj^e to the deep, inbeveled coronal fold of 
the articular border, the o])posite tiank abruptly descending into the 
])osterior de]>res.sion ; the alation, as also the outer margin of the 
tooth, is l>roken away. 

(intUn/iiud pnAit'imi mul htralities: St. Louis formation ; Pella, Iowa, 
Altuu. Illinois. 

DKi/ronrs rowEiiLii, St. J. and W. 

IM. X. ¥\ti. I. 

Teeth attain medium si/e. ^landibulnr terminal form subspatu- 
late in outline, moderately arched lonj^itudinally and rather strongly 
iniolled at the outer marj^in. Antero-lateral border gently incurved, 
enamel fold stroi]<^'ly inbeveled to the channeled basal rim; postero- 
lateral I)order ^nadually c<mvert^es toward outer inrolled margin, 
making an an^de of about '-iJi with the anterior border, the rounded, 
inbeveled enamel fold well dulhied by a narrow sulcus from the 
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shallow basal portion, which is somewhat expanded posteriorly; 
inner margin broadly and regularly arched round the base of the 
coronal prominence from the obtuse anterior angle, with a rather 
deep concave course in the region of the posterior depression, join- 
ing the posterior border in a subacute angle, inferiorly inbeveled. 
Coronal ridge prominent, occupying the anterior two-thirds of the 
area, and culminating in the broadly rounded crest a little anterior 
of the median line; anterior slope regularly convex, the posterior 
declivity more abruptly descending into the relatively narrow pos- 
terior depression, which is defined by the narrow, moderately up- 
raised, rounded alate lobe. Surface traversed by well-marked, widely 
spaced transverse furrows, especially noticeable in the coronal prom- 
inence, which are occupied by irregular transversely elongated pores, 
below intervening undulations showing minute, widely spaced puncta\ 
Length of anterior articular border at least 17 mm; breadth across 
the inner margin 20 mm. 

The unique example above described was obtained by Maj. Powell's 
expedition to the Grand canon of Colorado, from the Carboniferous 
limestone. With the exception of the outer extremity, tlie specimen 
is quite entire, admitting of satisfactory comparison with allied forms. 
Of the latter, it is, perhaps, most intimately related to Deltodus rhujiL- 
lati(8, N. and W., of the Chester formation, being distinguished chiefly 
by its proportionately greater breadth compeared to the length of the 
tooth, narrower and more widely spaced transverse sulci, and nar- 
rower aliite lobe. It also differs from D. Mercurii, Newb., in the 
same respects relating to the diametral dimensions and in the dis- 
tinct transverse undulations of the coronal region, — indeed, the only 
feature which it shows in common with that species being the nar- 
row posterior alation. 

We have described in another place, under the specific designation 
Deltodus propinquus, a fine large species from the Coal Measures of 
Illinois, which, so far as relates to the homologous form, bears most 
intimate resemblance with the present tooth. The only appreciable 
distinctions by which the latter teeth may be distinguished consist 
in the greater obliquity of the inner marghi and the undulations 
traversing the crown, — indeed, worn examples, in which the longitu- 
dinal undulations are obsolete, are hardly recognizable from the tooth 
above described. 

The specific designation is given in honor of Major J. W. Powell, 
U, S. Geologist, in charge of the geographical and geological explor- 
ation of the Rocky Mountain region. The unique type is deposited 
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ill tlio National inusi'uin. at Waslni)(;ton, the loan of which, for ex- 
amination, was kin«lly ]froouriMl us liy Dr. Charles A. Whtte. 

tnnl,,iiir,il j>u,^'tti'ni i7//'/ InrnUti/: Cafboiiiforous limestone, probably 
of th..' a^'i' of ilh' C'oril Mi'ahuns; (iranil canon of the Colorado, Utah 
tt-rritnrv. 

pKr/ronrs i'i:i»rixiiris, St. -I. and W. 
n. X. ri>r. -A. i. 

Mandibular ]>ost(ri(U- tiotli sub-trigonal or sub-gpatulate in outline, 
ratlit r strnn^'ly nn-hcd lon^^itudinally, with slight, spiral inrollmeut. 
Autcio-latfi-al bunlcr si^moidally cMirved, strongly inbeveled, and oc- 
i-u])i('il by a ^^i(l«■ cnanicl fold, wbicli is sharply defined by a deep, 
narrow furrow from tin- oxtrtnicly narrow basal rim; postero-lateral 
border convir«;injj. at an annk* of ;>.5 more or less, to the opposite 
border, also ^'riitly curvod. coronal cnami-l forming a prominent, 
roundfl fold. inbi'VeU'd \o the sulcatcd, moderately deep basal rim, 
which was apparently continued ])ostt'riorly into a spur-like angle; 
inner marLriii sijimoidally eurved. broadly arched around the base of 
tli(^ coronal ])rominenc('. in brt-adth exceeding the length of the an- 
terior articular border, inftriorly inbevele«l. Coronal prominence oc- 
cupyin;,' threi-fourtbs of the an-a, rather strongly convex laterally, 
brna»lly rouuib-d aloni: the crest, which lies a little anterior of the 
metlian line, the wid** anterior sloi»e rounded into the anterior border, 
posteriorly steeply inclin<-d into the narrow depression on that side, 
(bthierl along the posterior liorder ])y the narrow, rounded, mod- 
erately-u])raised alate lobe. Coronal surface traversed by rather 
stronj^, irre;?ularly-s])aced. transverse undulations and longitudinally 
marked by less distinct plications; the dense, polished enamel also 
presents a delicate ni<^«)se appearance, the minute rugte having a 
longitudinal direction; worn surfaces over the outer portion of the 
crown reveal Wn) usual ])itted structure, the punctae becoming con- 
fluent, or usually longitudinally elongated in the hollows of the 
transviTso undulations. A large tooth shows a transverse diameter 
across the inner margin of oo mm ; length of anterior articular border 
from the o])tuse inner angle to the point of inrollmeut, about 27 mm. 

]\randii)ular m(*dian form known only from a couple of fragments, 
too impi.-rfect for liguring. It is characterized by the prominence 
of the anterior lobe, which ])resents a rounded crest defined on either 
sid(} l>y excr't'dingly abrupt declivities, on the one hand descending 
to th(; anterior ]>ordor which is margined by an obscurely defined 
narrow fold strongly inbeveled to the deeply-channeled basal rim, 
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and on the other merging into the posterior depression, whose pop- 
tero-lateral border is broken away, as also the inner and outer por- 
tions of the tooth. The form was evidently sub-cuneate in outline. 
The coronal surface exhibits the same punctate characters noticed 
in connection with the terminal form ; however, the transverse undu- 
lations are less conspicuous. The relative size agi'ees with the pre- 
ceding form with which it was associated. 

Posterior tooth of the upper jaw elongate triangular in outline, 
rather strongly arched from within outward, and spirally inrolled. 
Anterior articular border comprising, perhaps, two-thirds of the great- 
est length of the tooth from the inrolled outer margin to the very 
produced inner angle at the base of the principal coronal ridge, 
gently curved sigmoidally, the narrow enamel fold strongly inbeveled 
to the deeply-channeled, shallow basal rim; postero-lateral border 
converging at an angle of 45', more or less, with the anterior artic- 
ular border gently curved, the thick enamel fold rounded and 
sharply inbeveled to the correspondingly deep, flaring basal border, 
from which it is defined by a deep sulcus; inner margin making a 
slight angle with the articular border in front, suddenly deflected 
nearly at right angles in rounding the base of the coronal ridge, and 
thence passing to the posterior angle with a slight concavity in the 
region of the posterior depression, worn specimens inbeveled inferi- 
orly. Principal coronal ridge culminating in a rather sharply rounded 
crest about one-fourth the distance from the anterior border, pre- 
senting a steep convexity descending to the shallow depressed belt 
bordering the articular fold, on the opposite side gently descending 
into the wide posterior depression from which abruptly rises the 
narrow^ transversely arched alat^ expansion, and from which it is 
defined by a distinct angulation. The coronal surface is more or 
less regularly undulated transversely, producing a nodose appearance 
along the crest of the principal ridge. The character of the deli- 
cately rugose enamel enveloping the inner portion of the crown, and 
the punctation of the outer worn surface, is precisely as observed in 
the opposed teeth of the mandible. In both forms, also, the smooth 
or faintly longitudinally striated inferior surface approximately con- 
forms to the contour of the coronal region, showing the usual dense 
thin basal layer. Length of a large tooth along the anterior articu- 
lar border to inrolled outer margin, 32 mm. or more ; greatest length 
of tooth along the crest of the coronal ridge, 58 mm. ; breadth be- 
tween inner angles of the tooth, about 51 mm. ; ditto, betw^een base 
of ooronal ridge and the sub-acute porterior angle, 39 mm. 
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Tin.' jilxnt.' «li;ij:;injsfs aiv luistMl upon examples of the maiulibulnr, 
])<»sttri«»r jintl nifilian forms, and tlie posterior form of the upper 
jaw. (It h'vimI fri»m lower Coal Mt-asure Ptrata of Illinois. The species 
is iiitiniatily allieil tt) that oiM*urriu«: in the Chester formation, Dt'l- 
tinhts riH'fnlatita, N. an<l W. The mandihular terminal form, how- 
ever, is (listinjiuishahle hy its stouter proportions, wider coronal 
ri'JL'e. and relatively sliorter huif^itudinal diameter. The opposed 
teeth of the upiur jaw. ai»ain, ditfer from the corresponding Chester 
f«»nu in the m«»ri- ])n)minently transversely arched alation, in which 
])artieular it hears elo>er reseniidanee to />. undiilatuit, X. and W., 
of the Ki'oKuk lime>tone. from whicdi. however, it widely dififers in 
the more angularly rcunided eontour and concave posterior slope of 
the ])rincipal conmal ]»r(miinenee. The Coal Measure forms of the 
Cpiur Mississippi region, therefore, ronstitute a well defined species, 
as distinguished from tho several speeitic groups occurring in the 
various formations of the Lower Carhonifcrous groups in the same 
region. Its intimate n semhlanee io the species described from the 
iprohahly) C(^al Measure limestone of the Far West, />. PoirelUi^ 
has already been remarked upon. It is possible that a larger suite 
of specimens of the latter species might prove its specific identity 
with tho present tcetli ; but this can only be demonstrated by the 
comparison of all the forms. 

fidilnifinil ptmthni and hwiiJit'nx: The fh'st example of the present 
spi'cies that was brought to our notice, several years ago, was dis- 
covered by Mr. L. A. Fuller in the shales overlying Goal No. 7, at 
Danville. Subsecpuntly. Mr. Alexander lUitters obtained from the 
roof shales of Coal No. /». at Carlinville, representatives of all three 
of the forms thus far identified as pertaining to this species. 



. (;KNrs DEL rODOrsiS,^ St. J. and w. 

Teeth possessing coronal c<Mitour and general aspect near /)c//()*Zm«. 

Mandibular posterior teeth distinguished by their oblique sub-tri- 
angular outUne jind the remarkable oblicjuity of the anterior portion 
of tho inner margin, proportionately short extent of the anterior 
articular border, the sometimes longitudinally depressed condition 
of the anterior slope of the coronal prominence, and the tendency 
to produce a mon? or less well (b'ihieil median ridge along its sum- 



*ln ailliiKion loji n*s('iiibliinr<« to Pit'ttnlus, 
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mit. Thfl antero'lateral and postero-Interal borders are marked as 
in Deltodiis. Tha coronal fold of the articular border, perhaps, more 
rounded and relatively narrower than that of the postero-lateral 
border. 

Teeth, identified with the median form of the mandible, are chnr- 
aeterized by their thin, oblique, trapezoidal figure, great length of 
the posterior, as compared with that of the anterior, articular bor- 
der, and its strong outward and forward obliquity. The basal rim 
and enamel fold corresponding in co-adaptation with the opposed bor- 
der of the posterior or terminal tooth, and essentially like the thin- 
ner and very short antcro-lnteral border; inner margin very oblique 
from the subacute posterior angle forward to the obtuse anterior 
angle; coronal surface comparatively plain, or culminating in a low 
ridge near the posterior side. 

The maxillary posterior teeth are characterized by their elongate, 
wedge-shaped outline, narrow inner margin, and the narrow posterior 
alation. The postero-lateral or oblique border shows the basal por- 
tion inbeveled, channeled, and defined above by a distinct, inbeveled 
enamel fold; the opposite articular border is relatively short and 
mostly enveloped in the enamel fold, beneath which projects the 
□arrow basal rim ; the inner margin, as in the corresponding form 
of Deltodut, is very oblique in its course from the very obtuse angle 
of the articular border backward to the base of the coronal ridge, 
where it is abruptly deflected at right angles, thence to the posterior 
extremity. The croivn presents a simple prominence or ridge along 
the anterior side, with abrupt slope to the articular border, and 
behind, descending into a shallow depression, from which rises the 
narrow wing expansion. 

The superficial punctation is very like that observed in Deltodus, 
vrith similar specific modifications. 

There exists so intimate relationship between the forms here 
alluded to and typical Delloilus that we have hesitated in recog- 
nizing for them more thon a subgeneric distinctness. But taking 
into consideration the community of characteristics by which they 
are distinguished, and which equally serve to distinguish them from 
Deltodut, this discrimination seems to be founded in tangible super- 
ficial characters that fail not to impress the observer with their im- 
portance. The greater the familiarity with the various examples 
embraced under this group, the differentiation, or tendency thereto, 
of the median ridge of the anterior coronal prominence further 
widely departs from typical Deltodm, while at the same time it 
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marks :ui iiniuiritakabli* a])]>riia('h to tlie coronal condition of certain 
forms mar CnrhVuulun, f. «r. Ch\tnninluH Sprlmjiri, etc. Of other dental 
ffirm^ which wi-n- assot-iated with tlie ahuw-mintioned teeth of the 
mandihlf and \\\\\)k^\' jaw. ros])eftivLly, wu are at the present time 
at a lus> to dt'tfrmini* thfir chaiactcr or identity. 

Authentic fxam|des of tin* forms here associated together have 
ht'iu dorivtjl from thi* Warsaw. St. Louis and Chester formations; 
Cii'tain fitrms ri']iri'Stntiiij/ mandihuhir posterior teeth have also heen 
ohtaiiu-d from thi- Keokuk formation, hut thiir relations \^-ith the 
])rt'&ont j:i*nus are not as satisfactorily shown as in the case of the 
later introduced forms alhidi-d to. IhUniha (unjmttmt, X. and W., of 
the Chester limest(me, wliich was orij^inally described from examples 
of the elon;:rate posterior teeth of tlie ui»per jaw, is regarded as a 
typical representative of the present j^enus. 

Tln-ouj^'h the courtesy of Lonl Knniskillen we have had opportunity 
to compare the American forms with sketches of a large "palate" 
from the Carboniferous limestone of Oreton in Shropshire, England, 
which seems to be congeneric with the teeth above grouped together, 
and the monarch t)f its kind. Tossessinj^ the same outUne and gen- 
eral contour of coronal re^'ion attributable to the maxillary posterior 
teeth of Ih'Itntlnpsfii, the Oreton exami>lo is distinguished by its truly 
gigantic proportions, and, perliai)s. also by its relatively narrow 
lateral diameter and the very stiep declivity descending to the an- 
tero-lati-ral border. The tooth from wliich the above mentioned 
sketch was ma»le represents the posterior angle of the wing rounded, 
as though from wear. The specinu-n measures in greatest length 
nearly {) centimetres, breadth across the inner margin about 4 cen- 
timetres. 

Dkltohoi'sis affinis, St. J. and W. 

n. XI. Fitf. I. 

The s])ecies here alluded to is represented by a solitary example 
of the posterior tooth of the mandible. Comparison reveals most 
intimate nlationship with the species occurring in the St. Louis 
formation, JhlttnlDjtHls St, Lmhirld, It is characterized, however, in 
contradistinction to that species, by tlie relatively great breadth of 
the posterior depression and wing expansion, the narrower and dis- 
tinctly transversely depressed anterior slope of the coronal promi- 
nence. The coronal surface is worn, so that the punctsD appear 
somewhat coarser and more regular, while the transverse undula- 
tions are very like what occurs in the latter species. Length from 
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the inner angle of the coronal ridge to the inroUed outer extremity, 
about 11.5 mm ; greatest breadth across inner margin, 9 mm. 

As yet other forms which were probably associated with the above 
tooth have not been recognized. Indeed it is only within a recent 
date that the Warsaw beds have afforded many fish remains, and 
in most instances these represent forms peculiar to the formation. 

Geological position and locality: Warsaw ehaly limestone, Golden 
Bluifs, near Warsaw, 111. 



Deltodopsis St. Ludovici, St. J. and W. 

PI. XI. Fig. 2-6. 

Mandibular posterior teeth depressed, triangular in general outline, 
moderately arched longitudinally and inroUed. Antero -lateral border 
comprising a little more than one-third the extent of the tooth 
along the coronal ridge, gently curved from within outward, basal 
rim slightly furrowed and bordered by the distinct, narrow, inbeveled 
enamel fold; inner margin in front diverging at a slight angle from 
the anterior angle to the base of the coronal ridge, round which it 
is sharply curved with a slightly concave course to the acute pos- 
terior angle of the alate expansion, inferiorly inbeveled; postero- 
lateral border gently arched, gradually converging toward the sud- 
denly inrolled outer extremity, the narrow inbeveled enamel fold 
distinctly defined from the nearly vertical channeled basal border. 
Coronal prominence culminating in an obtusely rounded ridge near 
the median line, anterior broad slope nearly plane or slightly con- 
vex, more abruptly sloping into the depression on the opposite 
side, which is bordered by the moderately upraised narrow alate 
expansion of the postero-lateral border. Crown surface minutely 
and somewhat irregularly punctate, unworn surfaces showing 
numerous delicate transverse furrows parallel with the inner margin 
and producing a slight undulated appearance; in some examples 
the exfoliated enamel reveals a surface delicately striated by wavy 
threads holding the same course as the undulations. A tooth of 
medium [size measures along the articular anterior border to 
point of inrollment 8.5 mm; transverse diameter across inner mar- 
gin 13.5 mm; length along crest of coronal ridge 19 mm. 

Mandibular median tooth subtrapezoidal in outline, moderately 
arched longitudinally, outer extremity strongly inrolled spirally for- 
ward. Postero-lateral border gently curved conforming to the 
11 
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opposed articiiliif border of the terminal tooth, basal border deep, 
iiiheveled, douhlc-f arrowed, terminating inferiorly in a narrow rim, 
and bordered above by the relatively strong, rounded, inbeveled, 
enamel fold ; antero-lateral border relatively very short. The 
enamel fold inboveletl to the channeled basal border and constitut- 
ing more than half tlie height of the border; inner margin mak- 
ing a Blight Kigmoithil curvature from the acutely rounded posterior 
nu^le to the obtuse anterior angle, inferiorly inbeveled in worn ex- 
amples. Coronal surface nearly plane transversely, culminating in 
a low, obscurely deiined ridge close upon and parallel with the 
postero-latcral border, the broad anterior slope merging into the 
very shallow depressed belt traversing the anterior portion of the 
coronal area ; surface marked by distinct transverse undulations 
and furrows ])nrallel with the inner margin, inner edge enveloped 
in a dense enamel coating, immediately forward of which the worn 
surface cxhii>its irregular verrucosc markings, and over the much 
worn outer half the usual punctate structure appears, the puncts 
displaying marked tendency to irregular elongation in various direc- 
tions, in all which particulars the ti'cth bear most intimate resem- 
blance to the associated forms of the species. A mature tooth 
measures across the inner margin 7.3 mm; along the postero-lateral 
border to point of inrollment about 10.5 mm; antero-lateral border 
about 4 mm. 

Maxillary posterior teeth narrow triangular or subcuneate in out- 
line, gently arched longitudinally. The anterior portion of the inner 
mar^nn diverges at a very slight angle with the antero-lateral bor- 
der, or making nearly a right angle with the portion behind the 
abruptly rounded base of the coronal ridge, slightly conoave in 
passing the posterior depression into the slightly produced posterior 
angle ; postero-lateral border very gradually converging toward the 
outer extremity, which is suddenly inrolled; both the antero 
and the postero-lateral borders are marked by the narrow enamel 
fold, inbeveled to the channeled basal border, which latter in the 
anterior border is exceedingly shallow compared with it- greater 
inbeveled depth in the posterior border. Coronal prominence rising 
abruptly from the antero-lateral border, regularly arched transversely, 
more gently descending into the posterior depression, which is 
traversed by a faint angulation defining the inner limits of the 
narrow and somewhat sharply upraised posterior wing. Surface 
markings agreeing with what has already been observed in relaiioil 
to the opposed mandibular teeth, even to the details of the imgolar 
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punctation and nniiulationa and the delicate transverse traoery 
observed in partially exfoliated HiirfaeeB, eBpecially of the wing ex- 
paQBion. A Bpecimea of the ordinary size meftBures in extreme 
length along the coronal crest 23 mm ; antero-lateral border about 16 
mm; breadth across inner margin 8 mm. 

The present species is of peculiar interest on account of the 
facts it affords in relation to specific diferentiation and the inti- 
mate resemblances that exist between the individnals of allied 
species. Thus, compared with the Chester form there exists mark- 
edly close resemblance between the mandibular posterior teeth, the 
chief distinction in the present form being its, perhaps, less oblique 
inner margin, the peculiar coronal ornamentation and less regular 
punctate structure. But in relation to the maxillary posterior teeth 
of the two forms, a marked difference is apparent, the present form 
being relatively much more elongate longitudinally and proportion- 
ately narrower, while the proportionately narrow, plane or slightly 
convex anterior elope contracts with the wide, gently concave 
declivity characteristic of the Chester teeth. 

Geological position and localities: St. Louis formation ; Fella, 
Iowa, Alton and other localities in Madison and Monroe counties, 
Black's Hill, Hardin Co., 111., St. Louis, Mo. 



Dbltodopsis anodstus, (N. and W., sp.) 

PI. XI. FlB. T-IB. 
DeJaditi anouttut, Nbwbbrbt and WoBTSEN. 1870, III. Qeol. Surv. IV, r. 3I>8. PI. III. t. T. 

Maxillary posterior teeth subcnneate in outline, very moderately 
arched longitudinally, except at the inroUed extremity. The antero- 
lateral articular border comprising somewhat more than half the 
extreme length of the tooth, defined by the thick, rounded enamel 
fold, which is strongly inbeveled to the -shallow, channeled basal 
rim ; inner margin very obliquely produced backward from the ob- 
tuse anterior angle, where it unites with the antero-lateral border, 
sharply arched round the base of the coronal ridge, with a slight 
sigmoidal curvature thence to the posterior angle nearly at right- 
angles to the anterior portion ; postero-lateral border gently curved 
from a right line, very gradually converging toward the inroUed ex- 
tremity ; coronal enamel forming a very narrow, inbeveled fold, well 
defined from tiie shallow-channeled deep basal border, which is 
usually inbeveled, — probably in perfect specimens nearly vertical, 
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or slightly producod beyond the coronal limits posteriorly. Anterior 
ridge occupying; more than half the transverse diameter of the cor- 
onal surface, transversely arched, abruptly sloping in front to the 
anterior articular border, more gently declining into the posterior de. 
pression from which the suddenly-upraised, narrow alate lobe is de- 
fined by a distinct angulation. Surface minutely and closely punc- 
tate, and further marked by more or less distinct transverse undu- 
lations conforming to the inner margin, usually obsolete over the 
greater extent of the coronal region. A specimen of ordinary size 
shows a length along the coronal ridge of about 23 mm; transverse 
diameter at the inner margin, 11 mm. 

Posterior tooth of the mandible proportionately agreeing in size 
with the opposed maxillary teeth, trapezoidal in general outline, of 
great transverse diameter at the inner margin as compared to the 
length along the antero-lateral border, strongly inroUed and arched 
longitudinally. Anterolateral border obliquely produced outward and 
forward from the obtuse inner angle, enamel fold forming a narrow, 
rounded belt inbeveled to the shghtly-channeled basal rim, which it 
equals in depth; inner margin very obliquely produced backward 
from the anterior angle, broadly arched round the base of the cor- 
onal prominence with a slight concavity in passing the iKXsterior 
coronal depression into the moderately produced, acutely rounded 
posterior extremity, inferiorly inbeveled; postero-lateral border very 
rapidly converging toward the outer inrolled margin, gently curved 
and nearly parallel with the anterior half of the inner margin, the 
narrow, rounded enamel fold inbeveled and defined by a slight sulcus 
from the basal portion, which forms a shallow rim projecting down- 
ward and outward well beyond the coronal border, — ^in worn ex- 
amples inbeveled. Crown traversed nearly centrally by a rather 
prominent regularly transversely arched ridge, the broad slope de- 
scending to the antero-lateral border, somewhat depressed, more 
abruptly sloping into the posterior depression, beyond which rises 
the moderately upraised alate expansion of the postero-lateral bor- 
der. Surface closely and regularly punctate, mature individuals, 
especially those in which the exterior layers have been exfoliated, 
showing more or less distinct crowded rupa) parallel with the inner 
margin of the tooth. In both of the above described forms a tend- 
ency to compression or elongation of the punctsB is observable, in 
the transverse furrows presenting a very delicate tracery in some 
specimens. A specimen of ordinary size measures across the inner 
margin 18 mm. ; length of autero-lat^ral border to the inrolled outer 
margin, 8 mm. 



VERTEBRATES. 165 

The dozen or so examples of each of the above described forms 
contained in the collections, offer facilities for acquiring a somewhat 
comprehensive understanding of their characteristic features, which 
are remarkable for their persistency, the individuals presenting com- 
paratively slight variation among themselves. Although associated 
in the same strata, in every instance thus far observed the teeth 
occar as isolated specimens disconnected from their original position 
in relation to one another. Therefore, in regard to the assumed 
specific identity of the forms here alluded to, the presumptive evi- 
dence is precisely the same as allowed in the association of forms 
in other specific groups, the justification of which is derived from 
what is known in relation to the diverse dentition of Cocldiodus, In 
the present species, however, we are as yet unable to determine the 
character of the teeth holding anterior positions upon the jaws. In 
the case of the mandibular terminal or posterior teeth, the relatively 
short articular border necessitates a corresponding abbreviated longi- 
tudinal diameter for the tooth immediately in advance ; and so, also, 
as regards the maxillary teeth, which latter may have been associ- 
ated with teeth whose form bears the remotest suggestion of their 
relationship with the teeth described. 

Oeological position and locality : Chester limestone, Chester ; and 
near Columbia, Monroe county, Illinois. 

Deltodopsis? convolutus, St. J. and W. 

PI. XI, Fifir. 11-12. 

Teeth obliquely subtrigonal in outline, strongly arched from within 
outward, with strong spiral inrollment. x\ntero-lateral border making 
a gentle sigmoid al curvature in its slightly oblique forward and out- 
ward course, basal portion very deep, broadly channeled, terminat- 
ing below in a narrow rim, and bordered above by the rounded, 
inbeveled enamel fold which constitutes about one-third the height 
of the border; postero-lateral border converging at a variable angle 
of 50*^ to 70*^, mature individuals being relatively narrower than 
medium, and small-sized teeth, obliquity somewhat greater than 
that of the opposite side, basal portion deep and rather deeply chan- 
neled, the lower edge expanding posteriorly beyond the rounded, 
inbeveled enamel fold, which envelopes the upper third of the height 
of the border ; inner margin making a sUght sigmoidal curvature 
from the obtuse anterior angle to the base of the coronal ridge 
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where it is suddenly deflected nearly at right angles to its longer 
anterior course, gaining the posterior extremity in a slightly concave 
course and nearly at ri^lit angles to the postero-lateral border. 
("oronal region traversed by a prominent, sharply rounded ridge cul- 
minating a little more than one-third the distance from the pos- 
terior border, to which the moderately concave slope abruptly de- 
Kcends, margined by the very narrow alation, the broad anterior 
slope more gnidually declining with gentle transverse concavity in 
the vicinity of the antero-luteral border. Surface more or less dis- 
tinctly undulated transversely, the dense enamel layer toward the 
inner margin as also the worn area marked by impressed, irregu- 
larly-spaced lines of growth parallel with the inner margin ; puncta- 
tion fine and close. A small perfect tooth measures across the 
inner margin 11 mm. ; length of antero-lateral border to inroUed 
outer margin 7 mm. 

The above description refers to a form of peculiarly massive 
strongly involute teeth of which there are several well-preserved 
examples in the collecttions before us. In regard to the specific rela- 
tions of these teeth with other known forms, the facts offer little 
beyond conjecture. So far as relates to the superficial coronal 
features they otTer no appreciable contrast with DeUodaa spatulatus, 
N. and W. ; but the value of these resemblances it is impossible at 
the present time to determine. In the present instance we have no 
evidence such as, in the case of Cocfdiodus, enables the grouping 
together of divers dental forms with, to say the least, strong pre- 
sumptive evidence in support of the interpretations relating to their 
probable arrangement upon the jaws. On the contrary, with respect 
to the detached remains of DclUulm and Sand<ilodu$, although 
unquestionably partaking of true cochliodont characteristicB, the 
student must be guided by their general similitude supplemented by 
critical familiarity with the external structural features which two or 
more species possesses in common, the persistence of which may 
be inferred from what is known to occur in Cochliodus and imme- 
diately allied genera; in order to detect even the possible specific 
relations of the forms met with. Viewed in this light the associa- 
tion of the present form with the supposed mandibular posterior 
teeth of Deltodm apatulatus seems highly improbable. The strong 
spiral inrollment and the comparatively narrow, rounded enamel 
fold of the articular border, are not in consonance with the cones- 
ponding features of the latter form ; hence it does not displace the 
inferred relations of the median form ascribed to that specieR, 
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compared with the relatively thin antero-lateral edge, presenting a 
deep, slightly channeled, inbeveled belt bordered above by the thick, 
rounded enamel fold ; inner margin making an angle of about 80^ with 
the anterior articular border to the base of the coronal ridge, where it 
is abruptly rounded and deflected nearly at right angle to its ante- 
rior course with a slight concavity in passing the posterior depres- 
sion to the subacute posterior angle. Coronal contour strongly 
marked by the elevated rid<;;6 which culminates in a rounded crest 
overhanging the deep, narrow posterior depression, the wide anterior 
slope presenting a slight transverse concavity; posterior alation 
forms a rounded lobe well defined from the groove-like x>08terior 
depression. Surface showing more or less distinct longitudinal plicae 
in the less worn enamel layer toward the inner margin, and traversed 
by transverse lines and faint undulations ; punctse fine, crowded, 
showing tendency to conform in their disposition to the traDBverse 
lines. 

The collections afford only two examples of the above described 
form, neither of which are sufficiently perfect to permit accurate 
measurement of their dimensions, although sufficiently so to allow 
satisfactory comparison with allied species. In size and general 
outline it agrees with its predecessor, Deltodopsis? convoluttis, of the 
Upper Burlington limestone, from which it is distinguished by its 
appreciably more robust build, and especially by the overhanging 
crest of the coronal ridge or the intlexed slope descending into the 
narrow posterior depression, and the distinctly lobed condition of 
the alation. 

Geolo(jlcal position and hcality: Keokuk limestone; Warsaw, Illi- 
nois. 

Dkltodopsis ? EXORNATus, St. J. and W. 

PI. XI, FiiT. 14. 

Teeth small, subtrigonal in outline, strongly arched longitudinally, 
and very strongly inrolled spirally. Antero-lateral border propor- 
tionately short, basal portion channeled and bordered by the thick- 
ened, inbeveled enamel fold ; postero-lateral border rapidly converging 
toward outer inrolled mar<^'in ; inner margin, from the obtuse anterior 
angle, very o])liquely deflected backward in a slightly concave curva- 
ture, abruptly rounded at the base of the coronal ridge, with a 
shallow concavity thence to the posterior angle ; coronal ridge prom- 
inent, the sharply rounded crest culminating nearest the posteio- 
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lateral border, from which it is separated by a relatively narrow 
intervening depression, which is bordered on the one band by the low, 
narrow alation, and on the other by the abrupt posterior slope of the 
coronal ridge, the wide anterior slope descending with gentle con- 
cavity to the narrow raised fold along the antero-lateral border. 
Surface regularly marked by strong transverBe ridges or undulations 
spaced by narrow grooves parallel with the inner margin, and 
enveloped in a dense enamel layer, the worn areas showing coarse 
widely-spaced punctte. Transverse diameter across the inner margin 
about 8 mm. ; length of antero-lateral border to joint of inrollment, 
about 4 mm. 

The form above noticed is represented in the collection of Mr. 
Van Home by a single epeoimen, the postero-lateral border of which 
ia broken away, so that the entire outline of the tooth is not shown. 
In general outline and coronal contour, it bears intimate resemblance 
to a congeneric form of the Upper Burlington, DeUodopsU (?) convo- 
lutiis; it may, however, be distinguished from that form by the 
greater obliquity of the anterior portion of the inner margin, the 
probable greater width and more distinct definition of the posterior 
alate lobe, and the strong transverse undulations of the crown to 
which it owes its ornate character. 

Geological position and locality: Warsaw limestone ; north of Piasa 
creek, above Alton, Illinois. 

DeLTODOPSIS ? BI&LVEATU8, D. ? KeOKOK, and D. ? CONVEXCB. 
Fl. XI, Pig. 15-18. 

Teeth wedge-shaped viewed from above, -moderately arched in the 
direction of inrollment. Lateral borders deep, very gradually con- 
verging from within outward with a slightly oblique course ; basal 
portion proportionately very deep, channeled above, with a wide 
slightly inbeveled belt below, terminating in a more or less sharply 
rounded rim defining the excavated and sometimes longitudinally 
farrowed inferior surface, defined above by the relatively narrow, 
rounded, inbeveled enamel fold ; inner margin obliquely and gently 
rounded from the obtuse anterior ( ?) angle to the subacute angle of 
the oblique border; coronal belt sharply inbeveled to the deep, 
slightly produced basal portion. Coronal region usually a little 
narrower than the base, which extends slightly beyond the limits of 
the enamel fold in the lateral borders, the worn outer surface pre- 
senting a pimple lateral convexity, but in the middle and toward 
the inner margin showing more or less distinct, subangular sulci 
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Hoparatod by a low median ridge. Surface marked by more or less 
distinct lines of growth parallel with the inner margin, and coarse, 
irregular and irregularly elongate or confluent punctfe. A medium- 
size tooth measures across the inner margin 5 mm. ; greatest length 
along the obligue l>order to point of inrollment, 11 mm.; vertical 
deoth at middle, 4-/> mm. 

The foregoing diagnosis presents the normal condition of a pecu- 
liar form of teeth which is represente<l by half a dozen, more or 
h'ss, perfect examples in the collections from the Upper Burlington 
fish-bed. In two of these examples the inner half of the crown 
shows a simple shallow depressed area defined by the elightly 
raised bonier folds, while a third specimen shows throughout a 
simple transverse convexity of the coronal surface. The latter 
variety also ])os.sesses a narrower basal support, and in both f its 
peculiarities it agrees with a solitary example in Mr. Springer's col~ 
lection from the upper or beds of passage fish-bed of the same form- 
ation. The latter horizon has also afforded Mr. Springer a second 
specimen which is undistinguishable from the variety described 
above. 

Only two or three examples of this form have thus far been de- 
tected in the Keokuk limestone, above which it has not been recog- 
nized. Tile latter teeth are very like the typical specimens described 
above, sliowing a similarly double-furrowed coronal surface, the only 
marked distinction consisting in the greater size and more robust 
ligiire of the Keokuk teeth. 

In consequence of the meagre data relating to this form it is dif- 
iicnlt to determine the character of the variations alluded to — 
whether tluy are of specific or merely varietal importance. In the 
accompanying description of the figures illustrating the several vari- 
eties the following provisional terms are employed to distinguish 
them : Deltodopsis? bialrcatits, I)..- convcxus, I) J Keokuk. 

In the attempt to assign the present form to its proper generic 
relations we are met at the outset by the difficulties incident to the 
meagernesH of the material for the purposes of comparative exam- 
ination. The further characterization of the form discloses a slight 
spiral inrollment, the direction of which indicates that the obliqae 
border is apparently homologous with the postero-lateral border of 
typical Cochliodonts, and with this character is also associated the 
ol>li<[uity of the inner margin from the posterior angle to the obtuse 
anterior angle, and the somewhat marked daring of the inferior 
basal rim on the side corresponding to the antero-lateral boidar; 
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therefore, it is evident the form held a median, possibly an anterior, 
position probably on the mandible. It remains to ascertain its 
probable associate forms, and here again we are met by the insuf- 
ficiency of .our understanding, which hardly more than suflSces 
vague suggestion. All the individuals alike of all the varieties ex- 
hibit a peculiar broad undulate uneven course in the borders of the 
teeth, which toward the outer inrolled margin usually takes the form 
of a more or less distinct sudden constriction or narrowing of the 
coronal region. A very similar character is noticeable in the form 
previously described by Messrs. Newberry and Worthen under the 
name Cochliodiis costatus^ **second tooth," in which the lateral bor- 
ders are similarly widely undulate and narrowed towards the outer 
margin, where the strongly inrolled extremity has lost its coronal 
enamel presenting the appearance of having been embedded in the 
integument of the jaw, precisely as observed in the form here par- 
ticularly noticed. Further, there is a somewhat striking resemblance 
between the latter forms in respect to the peculiar character of the 
punctation and the rugged surface of the crown, and the relative 
great depth of the lateral border, although in the present form, 
apparently, the depth of the borders is even proportionately greater 
than is the case in **C costattis'' (^'second tooth). Beyond this we 
have not the materials for a more satisfactory comparison, but it 
seems to us not improbable the latter forms originally formed parts 
of the dentition of one and the same species. 

Geological position and localities: Upper Burlington limestone; 
Burlington, Augusta, BuflSngton creek, Louisa Co., Iowa; Keokuk 
limestone; Warsaw, 111. 



Genus TOMODUS, Agassiz. 

PsiMMODUS, Agassiz, 1888, Poissons Fossils III. ; Tomodus, Agassiz, 

Mss. ; 1859, etc. 

The genus Tomodus, Agassiz, founded upon the species T. con- 
vexus of the British Mountain limestone, is known to us by one or 
two imperfect examples of the large strongly arched form contained 
in the collections of the Museum of Comparative Zoology, Cam- 
bridge, which, however, do not afford so satisfactory means of com- 
parison as might be desired in the definition of their generic char- 
acteristics. We are, however, indebted to the courtesy of Lord 
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EnniHkillen, for the opportunity to examine sketches of the two 
forms of the type species, from the Mountain limestone of Bristol, 
Kiif^ItiiKl, lH*lon>^'in^ to the Museum at Florence Court, which, so far 
ns ri-Iatcs to general outline ami coronal contour, convey a tolerably 
(Ii*itiiict ilnpres^ion of the peculiaritieH distinguishing the genus. 

Tiie latter KJietches exhibit examples of two forms, the one and 
apparently that occurring most abundantly, represents an elongate 
tooth below medium size, trapezoidal in outline, with very gradually 
(*onvergii)<^' lateral borders, and moderate convexity from within out- 
ward. 'Hie straight or antero-lateral border presents an abrupt face 
with a sharp an^aihition above, and which seems to be enveloped 
by an enamel belt ; tlie o)>lique border appears to be defined by a 
narrow roiuided enamel fold inbeveled to the basal rim, which 
expands somewhat beyond the limits of the coronal border, termi- 
nating]: in the subacute posterior angle ; the inner margin is appa- 
rently very gently, signu^idally curved between the obtuse anterior 
an^lc and the posterior extremity, or nearly at right angles with 
the anterolateral border. The crown shows moderate transverse 
convexity of the principal prominence along the straight border, the 
slope somewhat steeply descending into the posterior depression, 
which is bordered by the narrow upraised alation. The second form 
of teeth alhided to under the same specific designation, is repre- 
sented l)y medium-sized examples, trigonal in outline, and strongly 
arched longitudinally. The antero-lateral or straight border is 
abruptly truncated, apparently vertical, and bordered by a belt of 
coronal enamel, basal rim not clearly definable; the oblique border 
is gently curved, rapidly converging toward the outer extremity, 
character of enamel fold and basal rim not discernible; inner mar- 
gin l)roadly and regularly arched between the inner angles, appa- 
rently nearly at ri>^'ht angles with the straight border. Coronal 
rej^'ion occupied by the very prominent anterior ridge, which forms 
a slight convexity extending from the sharp angulation along the 
straiu'lit l)or(ler ])osteriorly over two-thirds and more of the trans- 
vrrne area of the crown, where the slope abruptly descends to the 
ril>li«|ue posti ro-lateral border, which shows a very narrow, obscurely 
(l( lined illation. In both of the forms above noticed the coronal 
hurfacc is minutely i)unctate, the puncta* not arranged along distinct 
lransverK(; lines. A specimen of the narrow* elongate form measures 
in lentrth alon^' the straight border about 17 mm.; breadth across 
the inn<;r margin 11 mm.; lateral borders converge toward the outer 
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extremity at an angle of about 25^. A large example of the trigo- 
nal form measures in length along the straight border 81 mm. ; 
breadth across inner margin 27 mm., more or less; lateral borders 
converge at angles of 30° to 40°. 

The above notices of the forms associated by Professor Agassiz 
under the specific designation Tojnodus convexus, will, perhaps, also 
serve to convey a tangible idea of the distinctively generic charac- 
teristics ascribable to the genus Tomodm. Its relations are most 
intimate with Xystrodus, from which it chiefly differs in the con- 
spicuous convexity of the coronal ridge, the extremely abrupt artic- 
ular border, and the absence of transverse disposition of the punctaB 
of the triturating surface. Our knowledge of the genus is so imper- 
fect that we may have overlooked important generic characters, 
which the specimens themselves might reveal at a glance. Viewed 
in accordance with the facts elicited from the data within reach, 
we are led to suspect some confusion exists in the interpretations 
of the limits of the genus, and that in consequence forms have been 
referred to it which have no intimate congeneric relationship with 
Tomodm convexus. Of the latter, the species described by Dr. 
L. de Koninck in his great work on the Belgian Carboniferous 
limestone fauna,* under the names Toinodus Craigl, and T. lacini- 
atU8, certainly show a wide departure from the typical species 
r. convexus y Ag., while their relations with PsephodiLs are strongly 
suggested to judge from the admirable figures illustrating the Bel- 
gian teeth. The specific identity of the two forms ascribed to 
T. convexus may be also reasonably questioned, since both have the 
general conformation of mandibular teeth, and it is difficult to con- 
ceive how they could have been associated on the same jaw. 

The American form mentioned in this connection, and which is 
provisionally referred to Tomodus, is the sole representative of the 
genus thus far brought to light in the Carboniferous formations of 
this country. The genus is Carboniferous, restricted so far as is 
known to the earlier group of the series. 

ToMODus ? LmiTARis, St. J. and W. 

PI. Xm. Fig. 12. 

Teeth small, longitudinally elongate, cuneiform in outline, rather 
strongly arched in the direction of inrollment. Antero-lateral bor- 
der gently curved sigmoidally from the obtuse inner angle to the 
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rior .-. irf.i".- u*-n*.!y ronf-iive, smx»th. Breadth across inner margin, 
r, riiiii ; :.'r';it<-t I'liu'th, l'» mm. 

'iJic i^iii'jMi- <'x:iiiipl(* fiiriii>hin.L! the foregoing description shows a 
hf.'irly i-ntin-, t!ioiit,'li r'oiiitwhilt worn, tooth, representing, perhaps, 
the |)urtirii>r form of tlii.' Ii ft ramus uf the upper jaw. Its relations 
iiplHjir t«> 1/f mar Xifstnulfts, from which, however, it widely departs 
ill thi- niiindi il (MMiiIitiun of the onamel fold along the straight bor- 
ilrr. niul vi^]u'riii\\y in tlie coarsi*, irre»?iilar piinctffi, which show no 
hi.'/ii of :irr:iiii.'iiiifiit in ])uralU*I transverse rows. There also exists 
r.«>inr liKcnr.s to the tt'cth mcniioncd under the head of Deltodopsis (?) 
foiir^'hifus, from tlir same formation, so far as relates to the charac- 
trr of the pnnct:!' and appearance of the surface enamel; bat the 
tooth ill «|uc^tion is not homolo<;ous with the supposed maxillary 
!»!• tiihM form of typii-al />e7/(7»///<7/i«x, as evidenced by the quite 
.111). Milt cliMrMi'tcr of thi* anterior articular border. In outline, the 
tooili r.)nMll\ rrsriuMos 7omoi/(/x. as represented by authentic ex- 
tiiiipir-. .it /. , .'/Ni rNs. A«^. anil tins resemblance is even extended 
to ilh' ('.>i..n;il cvMitoiir; but we are not sulliciently familiar with the 
rltn i.t«t y^\ till' iutu'iilar hi^rder in the latter genus to be able to 
.Li^iniMir ,!•; r\M.' M'latiiMis with tlio form here particularly referred 
to li i ;. ilu'nr»M'. with no oertain convictions as to their congen- 
^Mix 'xl.n:.'?!; ill I! ihi< example is pr\>visivnially placed in the above 
v\''".' ■ 

■'■ « "< '" ?* '•.•■!.*."> r^^ptT lUirlington limestone, fish- 
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Genus XYSTKODUS, Agassiz. 

Xystrodus, Agassiz, Mss., 1859 (Cochliodus striatus, Ag. Poios. 
Fobs. Ill, p. 174 ; Xystrodus angustus, Ag. Mss., 1859. 

The genus Xystrodus was recognized by Professor Agassiz in 1859, 
to which he transferred the species previously described under the 
name Cochliodus striatus , Ag., from the Carboniferous limestone of 
Ireland. The later term was accepted by European palaeichthyolo- 
gists, and at a later date. 1869, was publisjied in the list of type 
specimens of the magnificent collection at Florence Court, belonging 
to Lord Enniskillen, as also in the lists of the British Museum and 
and other institutions, and incorporated in the great work by Dr. 
Bigsby, the ''Thesaurus Devonico-Carboniferous." 

In accordance with the presumptive determinations and nomencla- 
ture adopted in the present work; the original or type of the genus 
Xystrodus striatus is referable to the maxillary posterior form, and not- 
withstanding the opposed mandibular teeth have been obtained from 
the same horizons and localities affording the former, we are not 
aware of their having been specifically identified and described. 
The latter teeth are recognizable by the extreme alation of the 
postero-lateral border, giving to the general figure excessive breadth 
compared to the length in the direction of inroUment. 

The above-mentioned teeth agree in all essential features with the 
forms occurring in the various American Lower Carboniferous forma- 
tions. Especially is this notable in the case of the Chester teeth 
Xystrodus verus, which indeed constitutes a typical representative Of 
the genus. Therefore, from such materials as we possess, the fol- 
lowing diagnoses of the opposed terminal teeth of the upper and 
lower jaws are prepared ; of the other dental forms with which they 
were associated during the life of the fish to which they belonged, 
as yet we have failed to arrive at even a surmise as to their char- 
acter. 

Mandibular posterior teeth distinguished by their triangular out- 
line and great transverse breadth of the inner margin as compared 
with the longitudinal diameter. Coronal surface occupying the entire 
superior area of the tooth, comparatively plain, more or less con- 
cave, or with a longitudinal depression, the coronal prominence 
crowded to the anterior side, nearly flat or but gently convex trans- 
versely, at the opposite border terminating in the expanded, upraised 
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ail*:- r:. AiiV.r-la:- m! K rirr ?!:::htly earred sifnnoidallT, present- 
y,'j ar; ar nsT't «l»- -livity fr.>m the antral a rly rounded upper edge. 
|.»ri-'i:ii \\ii:rii ti.- ^r' !;al .tam*.-! f'^nu-? a well defined belt, sharply 
!:m.:» i l-y *.]-.*: li:i-:il p ir:.-^:.. ^^Lioh bttt-r projects downward, form- 
i: / :i iV'TT'fS r.T:i al'iiu' iLt inftrri'jr edge; postcro-lateral border 
r.i! . i-y •]:v.;r.:;!iL' fr-'iii !•:•• «'-;ier txtri-mity. terminating in the more 
• r !♦-- jr-'i"..!'! ]Hi-tt rior aiiu'Ie. tbe upper edge enveloped in the 
!;;irr .'A •-!;:irii»-l f«l«l. whi.h is •lir^tinctly defined from the inferior 
\>',\-i\ [iirl-r: iiiiivr mar^n makinpr a moderate sigmoidal curvature, 
v:tr>\iiL' i!i -Mi luity V) ih*- antiro-lateral border, with which it may 
ftinii a ri'jlit-aiJL'N.'. 

Ma\ilia!y po!«t* rior tL-ith cliaractt-rized by tbe relatively narrow 
tiMu-v. r-. ili:imet«r at the inner margin, and consequent wedge- 
rliMtM-l <.".T!iii... (i^mral o 'iitonr of the coronal region resembling 
thit "f tilt' i)p]>(.)-t.'il niaii'lihiihir tt-vth. tlu' principal prominence ex- 
t«'ii'liiJ!-^ alciiii: th- antc-p^-latt-ral liorler, sliglitly convex or plane 
traijrjvi r.-« ly, nmre or loss .-t» t>])ly sloping into the longitudinal 
ni«'liaji «l<-pre-.-if>n. which is h'jiJerod on the opposite side by the 
iiprai-'l inrp'W winu' expansion terminating in the posterior angle; 
aul^nj-hitt-ial hornier jrently «-iirvcil sigmoiJally, more or less abruptly, 
sormtinu"; virrti<-ally. hlojuiij: from the angular superior edge at the 
jiMi^-tioii witli the (Town, the t-namel forming a belt well defined 
froiij the basal honLr which torininates inferiorly in a thin rim; 
rli«' cippnHJte siile LTa-lually converv:rs from the posterior angle toward 
th<- out. r «.'\tr(.niity, the upper eiljJie enveloped in a distinct, narrow 
( iiaiii'rl fold, and dethied by a sli<^ht channel from tbe equaUy shal- 
low basal border; inner mar<j:in o))Iique in one or other direction to 
aiitt'ro-latfMal i'order, with which it also sometimes forms a right- 

The trituratin*,' surface in the typical species of both the above 
di:-»'riht<l fnrnis ])resents a line transverse striated appearance, pro- 
dii'red by th<' arraTi<^'ement r)f the puncta* in more or less parallel 
rows, coufMrinin^ in direction to the course of the inner margin. 
II()W(;ver. the latter feature is not observed as a persistent one over 
the (jiilire extent of the coronal region, even in the typical specieB, 
whiji^ ill others it is but obscurely apparent, and in some species 
presuinahly otherwise a^Teeing with the typical forms, the surface 
presents no vestige of the transverse striation, on the contrary ex- 
hihitiiig tli(f usual dense punctate structure common to the gener- 
ality of tile ('ochliodonts. 
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The genus as herein defined ofFers intimate relationship with the 
genera Deltoptycldus and Ortliopleurodiis, especially in the conforma- 
tion and the distribution of the coronal enamel of the mandibular 
posterior teeth ; but in other and essential characteristics it presents 
unmistakable features removing its forms from any of the groups of 
teeth of contemporaneous genera with wliich they are associated. 
At the same time we are cognizant of the diversity of the dental 
armature of the jaws of the Gochliodonts, and the ''missing links*' 
which are required in most instances before the restoration of the 
dentition of these genera can be consummated. But the teeth at 
present under consideration do not seem to fall into any such 
recognized combination, as evidenced not only by their peculiar 
contour, but also by the peculiar superficial structure observed in 
the typical representatives of the genus, and which is not foimd in 
connection with the teeth of other genera occurring in the same 
geological horizons. Hence, notwithstanding only the more conspic- 
uous elements of the dentition of this genus are, at present, known, 
these are marked by peculiarities which seem to warrant the recog- 
nition of their distinct generic standing. 

While we have not the data necessary for carrying the compari- 
sons to a final conclusion, we are much impressed by the inti- 
mate resemblances which subsist between the present genus and 
TomoduBy Agass. A series of careful sketches of authentic examples 
of TomodiLs convexusy Agass., from the Mountain limestone of Bristol, 
England, and which were kindly submitted to us by Lord Enniskillen, 
show this relationship in a striking manner. The genus TomoduSy 
indeed, appears to be a Xystrodus in all save the arrangement of 
the puncta) in parallel transverse lines ; and in the latter respect 
we find a close, though not absolute agreement, in the initial species 
occurring in the American Carboniferous species X. simplex. 

Thus far ascertained, the genus Xystrodus is met with in both the 
great divisions of the Carboniferous period. One of the writers, in 
1877, described in Dr. Hayden*s final report on the U. S. geological 
survey of Nebraska (p. 2J:1, PI. IV, f. 18), a tooth under the name 
Xystrodus? occidentaUs. The examination of subsequently acquired 
and more complete suites of the fish- remains of our Coal-Measure 
strata, from the upper division of which the latter specimen was 
derived, has led us to relegate that particular specimen to the genus 
OriliopleurodaSy it probably being a very worn example, showing only 
a part of the inner portion of a mandibular posterior tooth of the 
Bpeoies O. earbonarluSy ( — Deltodus angularisy N. and W.) 
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X.-Ti. : - *:yi:.Kx. >•. J. :il..1 W. 

I- • ': - ... • .-• !. •'. .:. •/!>.• . r.i*i.. r -tr« !ij:ly arohtMl fr«»in within 

"A ;. \:.'- r . :'• . :! i • :•!• r \' ry -ii^'htlY rurwil. prestntiiij? Jiii 

. • ! • •'. :.. ":• -l.s:j» :t!;L":'.:i::»'!i al'»vr. and t-nveloped in a 

••••:•■:. .1 •n:i:i>l which i«; iii'Tt* or less (lis- 

i. '.-•.; run: inner margin forming 

\\r\: ']:'■ :i!::»r:"r l«»r«lrr. gintly si$nnoi«1al in 

♦ •; • .'.. V..';. :• -i;:!!!.'A *■■ !. • tvi-v i'.! th«' Ttgion <»f llie coronal 
■ ■■;.' - . : I ■ -•• !• i !% ::•.! I.ril.r <■« .n virgin*: t«»waril p^'int of inroU- 
!..•:.• :i* .!! :■«.■.'■■ • f 'IZ h* :M with Thf M]>]i.isitf honliT. coronal 

♦ i:.;!i: I f-'.riii:::! a iriri'i'.v riiiili.l f-'ll inhfwk-l to the shallow 
I .•!-::! :;•;■. ('..;■. i;;il ]»'-«-!ir.i • !!ri.- -liLThtlv ff!iVfX transverselv, bordered 
)*> th- ;il.ii:|.* :ii.L''il;it:"H iil-ii*: thi- :iiit* r«»-hiteral side, rather steeply 
.-I'.jM I p. >:.!■!.. liy \\!i«r»' ir i^ ihiti- I'r li>s di>tinctly defined by a 
rliu'li* !iiiijn!:i*j""!i, "i" ni«rL:«- int" th'- hroad posterior depression, 
\\]i\c]i i- )".ri]tr. .] \,y tli<- -!• • ]»ly r.]»r:n»iLd alation. Surface showing; 
'•nJiisMiy jfi'.ii'tM-* ^triictun- "\ir th» wnrn areas of the cro^ii, but 
n\t:i!!iiL; ]in ili-tii:r! ;irn!iii:« ni'iit in transverse parallel rows, in 
whifli !• -]«■«■: i!i..-c tilth ilip:jrt ni«»^t widely from the tj-jiical species 
nf til. t.'*i:M-. (Ip:it(.-t hnadth across the inner margin, 7.6 mm.; 
I« iiL'ili wl'UU. ;M!t. p-hiti ral luTdi-r, n. /5 nnn. 

Mr. S|irini.vr'- (•••ll'cti«»ii contains a siiij*le spofinien of a long nar- 
row toipili wiiicli i-; -ui'p«»-rd to ri'preseiit the ])osterior fonn pertain- 
iif \n ijir- lippn* j.iw. In fieijtral coronal contour it is very like the 
;ilin\.- (|« mtjImiI form nf tile mandihle, showing the same abrupt 
mm;. in.|:jin:il honlri", with, however, a relatively naiTOW enamel 
fnl.i, |«^^ f-ti«ply iii)r;iis.«l alatioii and more gradually converging 
p'.. 1. m-Lilrral honUr, wliidi makes an angle of 2Cr with the oppo- 
mIc hnrdir. The eonnnii puncta- show faint traces of transverse 
ili .pn.ifinii, in wliieh ]>artieiil!irs it a])])roaehes the tji^ical species of 
A>.7/n.///.s'. L« ii^Mli nf tooth al(»n«: antoro-lateral border about 11.6 
nini. ; hnaihli at inner nnir^^'in alxuit 7 nnn. 

'I'lir fnrms ahovi- dcMTihed, wliifh Wire doubtless associated upon 
Ihi- jaws nf Hie same s|Mcies, while they hold most intimately to the 
nutlini' ami conmal ('(uitiun* asj-rihable to Xi/strodug, as illustrated 
huili hy thi- t>pr A', str'nihis, Agass., of the Mountain limestone of 
InlanJ. and lhe<-(pnilly typical forms from the Lower Carboniferous 
nf Ainiri<*a. «»ITer in contrast llu' absence of distinct transverse 
arrano.inhni nf the snpiTlicial ])uncta'. Hut, as has been mentionedi 
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the maxillaiy posterior tooth shows obscure indications of parallel 
transverse disposition of the pnnctip, though it is not nearly to the 
same degree apparent as in the t}T)ical species of the genus. 

The present species bears a somewhat striking resemblance to 
Tomodus convexus, Agass., of the Mountain limestone of Great Britain. 
As has been already intimated, there would seem to be very inti- 
mate relationship between Xystrodm and Toinodus, the forms of both, 
especially the mandibular posterior teeth, showing the same outline 
and contour of the crown, and chiefly distinguished one from the 
other by the presence ^or absence of transversely disposed punctae. 
In the present species the very obscure indications of the disposi- 
tion of the puncta3 in rows parallel with the inner margin of the 
teeth might be regarded as a transitional feature connecting the 
more widely differentiated species w^liich are accepted as the typical 
representatives of one or other of the above named genera. 

Geolofi'ical j^osition and localities: Upper Burlington limestone, fish- 
bed; Buffington creek, Louisa county; Burlington and Augusta 
(Iowa) ; Monmouth, Illinois. 

Xystrodus inconditus, St. J. and W. 

PI. VIII. Fig. 1. 

Teeth very small, or below medium size, somewhat strongly 
arched from within outwards. Antero-lateral border nearly straight, 
or presenting the usual slight sigmoidal curvature, vertical, meeting 
in a sharp angle above, over which the enamel folds in a rather 
deep belt well defined from the basal portion, which inclines slightly 
outward to the thin inferior edge; inner margin broadly rounded, 
with a slight concave curvature in passing the coronal depression, 
the course slightly oblique from the anterior to the posterior angle; 
postero-lateral border apparently somewhat rapidly converging towards 
the outer extremity, showing the usual narrow enamel fold along 
the upper edge, but oftener mutilated from abrasion. Coronal sur- 
face occupied by a rather wide, shallow depression, the moderately 
upraised posterior wing presenting a relatively wide transverse 
diameter, on the opposite side rising into the gently arched or lat- 
erally convex prominence along the antero-lateral border. ^Triturat- 
ing surface in almost every case exhibiting indications of excessive 
wear, in which even the punctate structure is obscure; along the 
inner margin, however, the teeth often preserve the smooth, dense, 
polished enamel coating, but in the middle portion of the crown. 
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wliiiv till* piiiu't:!" aiv lH>t M'tn. tlii-y show only oh.sfure imlications 
of tr;m>vi r.M- »li-|M>>itii»n in nii»rr or less irri'jjiilar pArallel rows. 
LinL'tii i.f 11 ni«Mli'im-^izi' tooth at antfro-latiral lK)rder about 9 mm ; 
hrtiiiltii a«ro.-N iiini'i niar^'in m-arly (» nun. 

TIji- ahosf «1« M-rintion is Ikim'iI ii[)on a ft'W imperfect specimens. 
wlii^.-li ail' >uiiiM»M.l to npn-si'iit the posterior teeth of the upper 
jaw. In Lrriirral oiitlini* anil coronal «*ontour they conform to the 
j-liai-a.-'tri-iifs of tht* jxenus. As alivaily remarked, the puucta? of 
thi- trituiatinu .siirtai-i- show an inilistinct disposition in transverse 
r(»ws. in which n-sjuct thf t«nth dilTcr most from typical species of 
thf j:t iius. thouL'h to not much ^rralrr extent than does the St. Louis 
s]H'ci<'s. A■//.■'/••"/^^^■ intit.it lis. It ditlVrs, however, from either the 
St. Louis or rhcNti-r spiM-its, X. nn/x, in the relatively greater 
Im-ailth <'t tlu' innir niaiLMn and consiipnnt greater transverse ex- 
pan>ion of th»' posterior alation. From the Upper Burlington 
A', sifnj'h.r it is distin^iiiislkd ]>y the j^'ivatc-r lateral breadth and 
convexity t»f tliu anterior coronal prominence. 

Tliu colK-ctiuns have thus far titTorded no recognizable examples 

identiliaMi' with the broad posterior teeth of the mandible. 
(imluifici! jn,.^ifi,ni dud hHiilitit .<: Keokuk limestone, Uamilton and 

Warsaw, 111.. Keokuk and lu'iitonsport, Iowa. 

XYsriiunrs imitatis. St. .1. and W. 

ri. VIII, I'iu'. J. 

Maxillary posteri«»r teeth small. iriaiiLMilar or sub-cuneate inout- 
liiK', ?.'• iitly arclieil loimitudinally. Antero-lateral border slightly 
curved siunioiclally. forniin<^ above a shar]) an«j:lc with the coronal 
])roniiiu"n(i', a narrow enamel ln.lt ftddimr over the upper edge, dis- 
tinctly «lethh.'l from the basal in)rtion, which is nearly vertical or 
proji-eiin^ sli^dilly outward, trrniinatini: in the attenuated inferior 
edjie, which aT)parciitly extiU'ls nearly the entire length of this side 
of the ttiolh: inner niMivin j-liar]ily r(»untle<l fnuu the anterior angle 
with a ^li.^hi concavity in its course to the slightly produced pos- 
terior aii^'le, and f(M-niing nearly a ri^^ht-anj^le with the antero-lateral 
bonier: ])ostero-lateral border j^rradiially diver<:ing from the outer 
extremity at an aiij.rle of about ;»0 with opposite border, very 
<,'cntly curved, the upper ed'jc enveloped in a narrow fold of the 
coronal enamel, oceu])yin«,' about half the vertical height of the 
border, (.'omnal surface slijj:htly j-onvox in the hiner unworn por- 
titni of the ] rinci])al ])romim:nce. with a nioilerately steep slope into 
the median depression, from which the surface more gently rises 
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into the border of the narrow alato expansion. Surface atructure 
minutely and densely punctate ; in the less abraded areas, especially 
toward the inner margin, the punctm are arranged in more or less 
regular parallel transverse lines, conforming in direction to the course 
of the inner margin. This latter feature, however, is seldom ob> 
served to extend over any considerable area of the coronal region, 
which oftener shows the ordinary punctate structure with only fuint 
tracer of the transverse striation alhided to. Length of a medium- 
size tooth along the antero-lateral border, 10 mm. ; breadth at inner 
margin, 4.5 mm.; elevation of antero-lateral border, 1.5 mm. 

The collections afford hut few examples of the present species, 
amongst which occur no examples of the broad alate form attribut- 
able to the terminal form of the mandible. Compared with the 
Chester species, Xyslrodus fertts, it ia distinguished by the propor- 
tionately greater breadth, generally smaller size, and the less pre- 
valent and distinct transverse disposition of the punctis of the coronal 
surface. In proportions and general outline, the species bears strik- 
ing resemblance to the corresponding form of X. ttriatus, Agass., of 
the Mountain limestone, Armagh, but it differs in being smaller and 
in the less marked transverse striation. 

Geolotfkal position and hcalitiei: ISt. Louis formation; St. Louis 
(Missouri) ; Alton, and Monroe county (Illinois), and Fella (Iowa). 



XvBTBODUa TERUS, St. J. AND W. 

PI. viir. Flu- c, 7. 
Maxillary posterior teeth cuneiform, moderately arched from with- 
in outward. Antero-lateral border with slight sigmoidal curvature, 
abruptly beveled from the coronal angulation, which is obtuse in 
the region of t)ie inner margin aud more acute toward the outer 
extremity, probably in consequence of the wearing down of the tn- 
turating surface, art.icular border, comprising three -fourths the extent 
of this side, the upper portion emvloped in the woU-detined enamel 
fold, basal border termhuiting inferiorly in the thin compressed rim ; 
iniier margin broadly rounded at the base of the coronal prominence 
and gently deflected backward to the posterior angle of the moderately 
pradoced alatiou; postero-lateral border slightly curved, very gradu- 
ally converging toward outer extremity, coronal enamel forming a 
narrow fold, inbeveled and well defmed from the abrupt downward 
and slightly outward projecting basal poi'tion. Coronal surface oc- 
oapied by a broad anterior prominence, slightly arched transverse- 



IHI rALT.ONTOLOCiY OF ILLINOIS. 

ly- ^MiK r;illy. 1j«»W(Vit. m) wi.rn down over tlie outer half as to 
l»n--i.iit I III' ;ii»|H;ir;mrf oi a j^railual slope, desrending into the 
sli:ill(»\v nK-liun ili|iiv>>l'»ii. wliii-li is l»orilored on the opposite side 
I'V tlio iiiirrow \\in^»M\iianhi«ni. A mature tooth nieai-ures in length 
aliniLT tla- aiiitrinr liitt-nil hordi-r IS uini. ; breadth across inner 
uiMr«;i!i, '.« nun.: i:r» :iM"-t d«*i»tli i»f aiitero-lateral border, 2 mm. 

M;isiilil«iil;»r iH»>ti'rii»r ttrth trian^'uhir in outline, rather strongly 
anluil :t]il imniltd at \\iv outt-r ^^\trenlity; antero-lateral border 
stitply iMVtlid fnun ihi- |in»niin<.nt an^nilation of the coronal border, 
a YtTV narrt»\v l.rlt o\ in:iiii« 1 tiivtln])inj^ the upjier edge, beneath 
wliicli tlio clit.p I»;i-al lult is in«»ro or Uss distinctly iiuted in the 
(h'rt'ctioii 1. 1 innMhiiiiit. and ti-nninatinj* infcriorly in the relatively 
shcui, atti'iiuatcil cd.u'r. wliiili <M)nstilutcs about half the extent of 
tills sidf of iIjc tootli: inuir marj^in forniin*,' nearly a right angle 
with iht' aiitrrior IjonKr, wliich it joins in a rounded angle, slightly 
curved .siijmoidally in ]>:issiiijx to the produced posterior angle of 
till- .ilatc txpau^ion. in br<-:idtli about diual to the length of the 
aiitrrior biinU-r of th«- t«M.tli: i)ost(?ro-latiTal border rapidly converg- 
iijL' toward thr <»u!ir i\tri inily at an angle of r>U^ with the anterior 
bunkr t»i" tlie i*rown, or ai'unt CO with the inferior edge of the base 
of tiiat siiK-. siijlitly anliod and bounded along the upper edge by 
tbr narrow cnaiiitl fold, the marly vcrtii-al, slightly channeled basal 
border po>irriorly I'xpaiitliiiui bryoml the coronal limits and produced 
into a spur-likr proci-s f(»rniinj: the extreme angle of the postero 
alati(»ii. Tli'j nieJian pt)rtion of the crown i)rescnt8 a broad depres- 
sion, deliiieil on the oni; hand by the abrupt declivity descending 
from the eK vati'l an;^Hiiar rid-^e o{ the anterior prominence, and on 
the other by tlii- more j^iutle acclivity rising to the postero-lateral 
border of the broadly expanded wing, presenting, as in the pre- 
viously (b scribfd lorm. extreme simplicity in coronal contour. Length 
alon^' the anterior border of the crown of a large example, 16 mm. ; 
greatest d.iptli i»f the antero-lateral slope, 5.5 mm.; breadth at the 
inner mari;in, l^J mm. 

The surface? struelure of both of the forms described above is 
essentiiilly idi-nticiil. The puncta' exhibit in a marked degree 'the 
tran.-.vrrse arjau'^emcnt in more or less regularly parallel lines co- 
hiciding with the curvature of the imur margin. This feature is 
especially noticeable in tin* region of the coronal depression and the 
less, exposed inner jiortion of the crown, where, in specimens vrbich 
hive uuler^'o.ie co.n.):ir.itively slii^ht abrasion from trituration, the 
surface presjuts a beautifully sculptured appearance from the slightly 
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wavy, coalescing and bifurcating sharp transverse rugaa. The linear 
parallel disposition of the punctse may be detected even in much 
worn surfaces, though, as might be expected, it is here less apparent ; 
and toward the outer extremity, in excessively worn teeth, the 
surface structure does not differ from that usually met with in the 
Cochliodonts. 

The teeth above attributed to the posterior position on the max- 
illary are comparable to Xystrodus striatus, Agass., from which they 
are chiefly recognizable by the proportionately narrower outline and 
perceptibly less expanded alation. The opposed teeth, as herein 
interpreted, are also intimately alhed to a form associated with X. 
striatm, of which the collections of Lord Enniskillen at Florence 
Court contain numerous representatives. The latter form, with the 
original X. striatm, presents exactly the same association of forms 
which we have attempted to ascribe to the more prominent dental 
elements of this genus, as represented in the present species. The 
Chester tooth, however, differs from the extremely alate examples 
from Armagh in its great length as compared with the inner trans- 
verse diameter, or in directly opposite character to the distinguishing 
features noted in connection with the maxillary teeth. 

Geological position and localities : Chester limestone ; Chester, and 
Monroe county, 111. 



Xystrodus bellulus, St. J. and W. 

PI. VIII. FIfir. 3. 

The form here indicated is represented by a small tooth, some- 
what imperfect at the apical extremity and along the oblique border 
and the inner margin, pertaining to the left ramus of the maxillarj'. 
Very gently arched longitudinally, narrow wedge-shaped in out- 
line and very gradually tapering, croAMi broadly arched laterally, an 
obscure angulation in the median depression defining the anterior 
coronal prominence from the narrow, slightly upraised alate expan- 
sion along the oblique border; along the straight or antero-latcral 
border the crown is rounded and then shari)ly iubeveled from the 
distinct angulation, the nari'ow enamel fold limited by a sHght fur- 
row, beneath which the basal rim is gently produced outward and 
downward, terminating^ in a thin, rounded edge. The inferior sur- 
face of the tooth is smooth, approximately conforming in contour 
to that of the crown. The coronal surface is beautifully marked by 
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iniimt.- i^uiP-tn*. luni'ii: iii<liviiliially tlie a]»i)oaraiiee of a miiuite 
cfiiM'Ml r..ii.- >!iiT'»niitlt"l I'V a sliijhtly raiM-J rim. and collectively 
arniij.-'t <l in v» ly n L'ular. M*Mom l»ifiiivatin;r «»r implanted transiverse 
;jr«.i.\i -. .-•■pantiMl ny aiijular carina- which appi-ar to form one eide 
nf tlif riiii- «'t thf nu«Uill;ny tiilus. The illustrations convey an 
a'cmatf i'l« a of th*- .-i/c and n hitivc i)ro]»ortiuns of the form indi- 
c;jt« •!. 

Ajipah ntly ]^i'<>is>in^: unnii>laKahle pc-mric relations >vitL Xystro- 
iliia, til'- -|Mri.- alnive indicated «lilTer> from the Chester species, X» 
rmts, in tliu d<.taiK "f coiituur nf the articuhir area of the antero- 
lairial, and tin- i«r«'jM»rti«in:illy ;.Tiatcr hnadth of the coronal ridge. 
The nniqiiu txanijjlc d« scrihed was di-^covercd l»y Mr. Wm. Gurley, 
in llic .-liali s iiniiiiMliati'ly oMTlyinj: Coal No. 7, Lower Coal Measures 
of the Jllin«»is •'(.iitral M'ction at Danville. 



(Jkni's SANDALODrS, X.andW. 
Sanhalums fOMi'L.vxATis, (X. and W. sp.) 

ri. XII, FiK. 1-4. 
Ih :t'.»hi> i o,nf'>ti"i-.is. Nr.w i.ki:i;y ;in<l Wokthkn. ISiu;. 111. Oeol. Surv.. IT, p. 98, PI. IX, f. 4. 
Tiir^-hi,-h>.< i,nl:ur, NllWhKllKY illMl Woi/iiiEN. ISt^i. lb. II, p. 112. PI. XI, f. 8, 9. 

Till- linins tiriLiinaliy iioticcil under the ahove cited names eonsti- 
tnli- a ch:iractcii>ti«* prniip or spi-cies of SundaUHhis, as much so 
indeed ji- d.M> the tyj)e of the ^'eiiiis S. hd'huhnust, N. and W. The 
ilUi^^tration.- of tlii-^ >))ecies which are now introdueod suffice to show 
the ^'eneric nlation>lii]) and the prol»ahle specific identity of the two 
fo^nl-^ alhidt d lo in the above hynonyniy. Both of the above cited 
d. -( ripiinus apply to what we reL^ard as i)r(d)ahly the posterior form 
(»f tlie niiMnhhle. that referred to under the term DelhxlH4i complana- 
tn.^ rejip-.-iiitinu a crushed and di>torted depressed tooth, examples 
nf which are of nmre fieiiueiit occiinvnce in the collections than are 
lli<i.-.(: coire^p«indin;i with the extr«*nn'ly convex examples which afford 
the type of Tn'jtnunlm majnr. While tlu\se somewhat pronounced 
\;nieiiis herni to he ([iiite distinct, viewed in the extreme examples, 
a s« ries of teeth like that ht-foiv us leads to the conviction of 
tlieir spe<-ili<r identity. 

lier.id«'s the teeth refiriTed to the mandibular posterior form, the 
«:onectiuiis also contain a few examples exactly correspondmg to 
the form which we have referreil to the opposed position npcMI 
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the upper jaw. The latter is distinguished by its elongate Bubspat- 
ukte Bbape, iinrrow lateral diameter and narrow nlation, less rapidly 
converging lateral borders and more oblique direction of the poste- 
rior portion of the inner margin, relatively greater extent of the 
Brticular edge of the antero-Iateral border, (both borders being much 
as in the same fona of the representative Keokuk species, S. hecit- 
simun,) and the more uniform conmal contour, which does not pre- 
sent to the same extent the strongly developed ridges characteristic 
of the opposed mandibular teeth. In all, as also in the teeth sup- 
posed to represent the mandibular median form, the coronal pimc- 
tation is essentially the same, being relatively fina, closely set, and 
showing a tendency to elongation in the longitudinal direction of the 
tooth, although very variable in this respect acconling to the condi- 
tion of preservation of the coronal surface. 

Mandibular median teeth distinguiiihed by their triangular outline, 
rather strongly arched from within outward and strongly inrolled at 
the outer extremity, Postero-Iateral border nearly straight, defined 
above by the rounded enamel fold, basal portion channeled and 
beveled inferiorly to an obtuse edge ; antero-Iateral border very ob- 
lique, rapidly converging from the subacute inner angle to point of 
iuroUment forming an angle of 40' to 6i*" with the opposite aide, 
basal portion beneath the enamel fold somewhat channeled and bev- 
eled, merging into the thickened edge that definuH this side of the 
tooth; inner margin making nearly a nght angle with the postero- 
lateral border, gently arched and somewhat more shai-ply rounded near 
the posterior angle, worn specimens iubeveled interiorly. Crown 
transversely nearly plane, slightly arched near the postero-lateral 
border into the low, obscurely defined coronal prominence ; enamel sur- 
face near iimer margin marked by more or less distinct lines of 
growth parallel with the inner margin, also faint longitudinal plicse ; 
worn surface exhibiting the UBual minute, closely arranged puncta- 
tion characteristic of the associated forms of the species. Inferior 
surface moderately excavated, smooth, conforming in a general woy 
with the contom- of the coronal region. A small individual measures in 
postero-lateral border across the inner margin 10.5 mm. ; length along 
transverse diameter to point of inrollment 6.5 mm. A large-sized 
tooth is reepectivelj'iU mm. and 21 mm. in breadth and length. 

Compared with the coiTCsponding foi-m of S. lievUsimiis, of the 
Keokuk limestone, the mandibular median teeth of the present 
Bpeoies are distinguished by their less oblique antero-Iateral Iwirder 
and spirally uirolled outer extremity, and smoother coroual surface. 
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Oiolo'ftrtil jumihm and loralitivt: Upper Burlington fish-bed ; Bur- 
liii^^toii, ritasant tirovr. Augusta, Buffin^on creek, Louisa county, 
(Iowa); Ilniity cnik, IK*ii(k-rson county, (111.) The mandibular 
lilt ilian tnth i>s]i(cially allu(li'<l to uhovo are amongst the beautiful 
cnlk'C'tiniis friiiiL till- Hutlin^rton crui-k locality, belonging to Mr. 
Spriiijjrr. 



SAM)AT.oi)i-i* LuTTissiMus, N. and W. 

IM. XII. Fig. 8. 9. 
Snu'itu'niifs li'visslniuf Newbekkt and Worthen. IH6G, III. Ocol. San'.. U, p. 104. PI. 10. 

f. i;. T. R. 

Sfimtii-'fiiii >jriini!is, Newiierut jumI Worthen, lb., II. p 105. PI. 10, f. 9. 

Jh ilnflns j;/rt/M/iS, NewRERRY Und WORTIIEN, lb.. II. p. 101, PL IX. f. 9, 9a. 

('*n-h!ici!hs > rrnsf^is, Newrerry nud WoRT.EN. ib.. II. p. 91. PI. VIII, f. 2. 2a. 
I\^aiiitifdn.* .' spmi-vylindrirns. Newrerry niid WoRTREX. Ib., II, p. 109. PI. XI, f. 4, 4a. 
J':ta,mnn'tn;t > rfninihoi<lftts, Newrerry liud WORTUEN, lb., II. p. 110, PI. XI. f . 6^ 6a. 

Mandiltular iiudian (?) troth attainini;; largi^ size, triangular in 
outliiu', stroiijily arclit'd lonjjjitmlinally witli strong spiral inrollment 
of outor t'xtninity, lateral lu>rihrs tlivcr^ing at an angle of about 50^. 
Postt'i-o-laliial hnnUr inakiiit^' an aiij^li.' of about Q(f with the inner 
niarj^nii, Vii-y ^viitly cui'mmI in its course, coronal enamel forming a 
narrow fold ^tronj^'ly inbi'Vi-lod to the eliannelod basal portion, which 
is ruuiultsl IkIow into tho inferior surface of the tooth; antero- 
lateral l)onU'r considerably shorter and slightly concave in its 
course, thick articular ed^'e not shown ; inner niai*gin very gently 
and ri«^ulaily an-lied between the subacute anterior and posterior 
anj^des, inbevi-lrd below. 

CtJi-onal retrion presenting a uniform piano surface transversely, 
with a ^liJ,dll convexity near to and parallel with the postero-lateral 
border, interrupted toward inner margin by irregularly disposed 
transverse undulations, or lines of growth, and faint longitudinal 
lines, sometimes appearing as narrow impressed sulci. Surface 
punetation minute and crowded, along the inner margin concealed 
beneath the di'uso enamel layer. The punctate structure bears 
closest agreement with that observed in the large posterior forms of 
S(ind<il(uln.H lar'isaimiis, A large-size tooth measures across the inner 
margin 50 mm. ; length along postero-lateral border to point of in- 
rollment, 47 mm. ; ditto, along the anterolateral border, about 
tiO mm. 
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Only three examples of the aboved escribed form occur in the collec- 
tions, and of these only one displays the entire outline and general 
coronal contour. The latter example was discovered by Mr. L. A. 
Cox, in the rock excavations for the government canal around the 
Keokuk rapids on the Mississippi, and to whom we also owe the 
opportunity to examine additional material illustrating the dentition 
of this extraordinary species. We have little doubt as to the 
specific relations of the above described form, and from its peculiar 
outline and coronal contour, and the strong spirally inroUed ex- 
tremity (which makes a complete revolution, then becomes involved 
in the Vaso-dentine, forming a solid mass except for the minutest 
perforation intercommunicating with either border through its 
center), we are led to identify it with the mandibular median fonn 
of this genus. The specimen affording the above measurements 
doubtless belonged to a mature fish; the middle portion of the 
crown, indeed, is excessively worn, affording a striking illustration 
of the severe usage to which the teeth were subjected dming Ufe. 

It is our belief that the form originally described under the name 
Deltodus grandis, N. and. W., is specilically identical with Saridalo- 
dns UevisswuLs, N. and W., which latter name was applied to the 
long teeth .which we presume to have held the posterior place 
upon the upper jaw, the former form occupying the opposed posi- 
tion upon the mandible. The meagi*e data might not be deemed 
as affording sufficient grounds for the limitation of the three above- 
mentioned forms ; but the facts themsi'lves, though few, seem to us 
to offer something more than a mere suggestion of such a relation- 
ship. The names Sandalodus grandls, N. and W., Cochliodus ? eras- 
81L8, N. and W., Psammodm semi-cylindricus, N. and W., and Psam- 
Tnodiis? rliomhoidcus, N. and \V., w^ere applied to abnormally w^oni 
and otherwise imperfect examples of the maxillary posterior form 
of this species. 

Geological position and localities: Keokuk limestone ; Keokuk and 
Bentonsport, (Iowa,) Hamilton, and Warsaw, (111.,) Boonville, (Mo.). 



Sandalodus, sp. ? 

PL XII, Fig. 5.6. 

The Warsaw limestone has thus far afforded very meagre and 
imperfectly preserved material referable to the genus Sandalodus. 
The WanujLjMiiMn at the mouth of the Fiasa, above Alton, has 



IHS PAL.KOXTOLOGY OF ILLINOIS. 

alTonkd Mr. Van II<»riio fliref inJivicliials. oiit* of which is doubt- 
ful, tlio (»tlifrs ri'prc.sriitiui^r tlu- forms ideiitilied with the posterior 
ttM-th of tlu* iii)i)tr and lower jaws. Tht-re are also a couple of 
similar s])('(inions fn»m the .same horizon, one from Monroe county 
and till- othtr was fcunid hy Master Willis Worthen at Golden 
lUiitTs, near Warsaw, in this State. From Indiana localities, proba- 
l»ly c»n tqiiivahnt strata, we have .seen similar teeth, but these are 
not now aceessihle to us for critical comparison. 

With a sin«:le exception, all of the above mentioned specimens 
are loo ini]u rferl to allow of sati>factory dolinition and comparison 
with the siueirs known from other formations, hence we hasitate to 
undertake iheir ih>enmination from allied species which they closely 
resemble, oeeurrinfr in earlier and later formations. The small im- 
mature individuals of Stuiihdotlu.'i i* rifi^iimust, of the Keokuk lime- 
stone, olfer in a general wav manv features in common with their 
Warsaw representatives: while the I'piier Burlinjrton species, S. cow- 
jditHfifus, especially the excessively arched examples of the mandi- 
bular posterior form, strikinjudy rt-semble certain individuals occurring 
in the Warsaw heds. On the other hand, the latter deposits afford 
si)eciinens of tlie same form whicli mijiht readily be identified with 
that belonj^iiiij: to N. sjmttilntiin of the succeeding St. Louis forma- 
tion. W(; are wtdl aware how deceptive are the characters afforded 
by imperfect materials in this frroup of fossil teeth, especially when 
they are not sui>p]«mented by a larjj:e number of examples from which 
a molt; cominehensive understandiii.tr of the specific characteristics 
may he derived. And so far as rt-lates to the specimens here par- 
ticularly alluded to, we can only reiterate the facts relating to their 
nseiiiMancis, leavinj: those that may be regarded as peculiar and 
imlicating specilic distinctness for future amplification and demon- 
stration. 

Ofolnt/inil jiositinu a)nl Inrnlitlcs : Warsaw limestone, Warsaw; Fiasa 
creek ahove Alt<m, ami Monroe Co., 111. 



Sanoaloih-s srATi'L-VTi's, N. and W. 

n. XII. Tic 7. 

.Sti„'fu't'<!iis sj>iitii',ifns. Ni;\MiKUKY and Wm; iiKX. 1n:<». 111. (Ji'nl. Surv., II, p. 103, PI. X, f. 2. 

ft, H.nfus r!i>>nihf.lii, f^^■. New r.KiMiY ;inil Wiii;tiiex. }^&k ib.. II., p. HK». PI. IX, f. 8, 

Sm,(lnin>lns rnissns, Ni:\viU'.Ul;V iiinl WouTJlKN. IST«i. ib.. IV, p,3ii9, PI. IV, f . 8. 

Mandibular median teeth small, trapezoidal in outline, moderately 
arched in the direction of inrollment, breadth apparently exceeding 
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the length. Postero-lnteral horder nearly Btraight, with a, slight 
oblique coui-He outwaril and fonvard, enamel fold narrow, basal pi>r- 
tion relatively deep, slightly channeled : antero-lateral border coii- 
verging toward point of inrollment at a moderate angle with the 
opposite border, the relatively deep basal rim projecting beyond the 
coronal fold ; inner margin gently arched from the rounded posterior 
angle, with a slight sigmoidal curvature in passing to the subacute 
anterior angle ; as usual the edge is interiorly beveled. Crown sur- 
face very gently and uniformly convex transversely, the enameled 
inner portion showing transverse imbrications or lines of growth 
parallel . with the inner margin, with the usual delicate rugose 
appearance, beneath which the tubular structure is discernible, and 
which in worn surfaces assumes the minute, closely arranged punc- 
tate character. Greatest transverse diameter across inner margin, 
13 mm. ; length along poatero-lateral border to point of inrollment, 
about 8 mm. 

The form above described is represented by a solitary specimen, 
in the collection of Mr. Van Home. The tooth is in good preser\-a- 
tion, save that the outer margin has been entirely worn away, 
presenting a thick, blunt emai^inate edge, the inroUed extremity 
on the posterior side being much more worn than at the opposite 
side. The inferior surface of the tooth, however, plainly shows the 
direction of the oblique inrollment, as indicated by the course of the 
longitudinal striation. The form agrees in all essential particulars 
with the homologous teeth noticed in connection mth SaiuUilodiig 
complanattis, and S. Itevissiiiuis ; at the same time it also agrees, in the 
character of the surface punctation and the delicate rugose mark- 
ings of the enamel layer, with the other forms of the species to 
which we have referred it. However, in the supposed associate 
forms wo have failed to detect the presence of transverse lines of 
growth, such as constitute a marked feature in the enamel layer of 
the present form. The unifonn transverse convexity of the ooi-onal 
region and its outline readily distinguish the present tooth from its 
congeneric allies. 

Referring to the synonymy it will be observed that the form orig- 
inally described under the name Deltodun rhombokleua, N. and W., 
is transferred to the specific category emhracin<r the form first 
noticed under the term Sandnlodus sputiilatus, the two forms respec- 
tively representing the supposed posterior teeth of the lower and 
upper jaws of the same Bpecies. These forms most intimately agi-ee 
in the details of ooronal stracture, while they diifer one from the 
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other in ontlino ami coronal contour exactly after the manner 
noticiMl in tin* Keokuk an<l l^urlinpjton species. The tooth Buhse- 
(juently (h'scrllKMl muler the desitrnation Sandiloduit rrassns, N. and 
\\,, fvDUi the sauif forniation, is idi-ntical with the former described 
fonu, the ori.Lrinal account of N.s;/i//«/(///<x hein«i founded upon an imper- 
fect, excessivtdv worn tooth. The collei-tion of Mr. Van Home contains 
a splendiil suite of the latter forms, in all stages of growth and con- 
ditions of ])ri.'ser\ation, perinittinj^ of the most satisfactory study of 
thrir normal pi'culiarities and variationj^, so far as this may be 
nnidi* from di-taclied and scattered teeth. 

(rrnltuffml jntnitmn iiu'I Innilitim: St. Louis limestone; Alton, and 
Monroe eomity, HI., St. Louis. Mn. 

CiKNr^ ()KTirOPLErKOI)l\S,i st. J. and W. 

IVisterior teeth of tin* up))er jaw suhspatulate in general outline: 
postero-luteral hord«r straight or nearly so, and probably gently 
curved downward jind inward at tin- outir extremity and gently 
arched in tin- sanir direction, ti-rminating ])osti*riorly in an acut« 
an^ile or spur, whencr the inner margin, which is greatly thickened 
or massive, is broadly r»uiiuK*d into and merging with the thin 
antero-lateral border towards the extremity. C\>ronal surface oecu- 
piid by a in-ominent ])rinci))al fold or ridge rising nearest the 
straight bordi r, and llaidvtMl on the anlurior slo])e by an obscure 
secondary ridge; thf ]ninetate tiiamcl forms a distinct narrow fold 
along tin- thickiiUMl straight l)ord«'r, wh^-re it is distinctly defined 
from the basal portion by a slight groove. 

Teeth supposed to have t)ceupied a similar position on the mau- 
dibk'S, distinguishrd by their trigonal outline, somewhat strong and 
spiral inrollment of thr extremity, toward which the antero and 
postero-lntt-ral b-mlers regularly coiivergr, inner margin more or less 
o)»li<jucly rounded and sigmoidjilly eur\t.Ml from front towards the 
posterior migh'. Coronal sm-facr prrsintiug a more or less well-de- 
lim-d |)l;nu' anterior fold, abruptly l^nikm down on that side, where 
tlir coronal emunel forms a wi«b' l)elt sharply defined from the deep 
Ijasal rim, anil limited luliind by tlu^ more or less deep longitudinal 
di'pressi(»n from which rises tlie alate ])osterior lobe, which is limited 
I'xteriorly by a narrow ft»ld of enamel separating the crown from the 
basul portion of the tooth. 

I fh'fl, K, •^rr.ii^ht: /I'l-iM.f. si.!-*: '» /»">•. t.. jih; in aUii.-^inri to tho straight poatoro-Iato- 
riil boi'ih'r of tin; iiiiixillary posterior toolh.; 
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Mandibular median or second teeth characterized by their trian- 
gular outline, rather strong inrollment of the outer extremity, 
straight postero-lateral border which is similarly enameled to the 
antero-lateral border of last above described posterior dental plates, 
antero-lateral border rapidly and irregularly converging from the 
subacute angle of the broad, slightly arched inner margin. Coronal 
surface forming a broad, low arch, or nearly plane transversely. 

Although in every case detached and separated from their natural 
position upon the jaws, .there is .strong inferential evidence of the 
dental elements described above ha\ing constituted parts of the den- 
tition of one and the same fish, as ^\^ll appear more at length 
under the head of specific descriptions. The genus as here consti- 
tuted does some violence to the interpretation of the affinities of 
the teeth attributed by authors to other genera, but the facts are 
believed to justify no other conclusion, while in the typical species, 
at least, there can hardly exist a doubt as to the specific identity of 
the widely dissimilarly shaped teeth alluded to in the foregoing 
generic diagnosis. 

The genus as now understood includes, besides the American 
forms hereinafter described, possibly a form of teeth from the Car- 
boniferous limestone of Bristol (England), which has been referred 
to Tomodusy Agass. All the specimens of maxillary teeth are muti- 
lated by having their exceedingly thin anterior portion broken away ; 
and this fact naturally suggests the possible occurrence of corres- 
ponding dental plates in European collections — however, in so frag- 
mentary a state as not to have attracted attention to their probable 
relationship with the more robust mandibular teeth. 

Compared with SandaloduSy N. and W., the following distinguishing 
features are especially noticeable: The posterior form of the man- 
dible is abruptly broken down in a prominent mural face along the 
antero-lateral border, which is enveloped in a widish belt of the 
coronal enamel, and the anterior position of the transversely, nearly 
plane, well-defined coronal prominence, in all which there is striking 
contrast with the very restricted antero-lateral articular border ot 
typical homologues of Sandalodus. In the posterior teeth of the 
upper jaw, the coronal prominence, instead of being situated for- 
ward of the median line, as in Sandnlodu^y rises close along the 
postero-lateral border, the wide coronal declivity being transferred 
to the opposite side of the tooth. The median teeth of the man- 
dible, representatives of wliich belonging to either generic gi'oup 
are exceedingly rare, present essentially the same characteristics 
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so far as tlu* nuagre materials at tlie present time in hands per- 
mit of hrim: deti-rmin('«l. 

'J'lie earliest rt'pre^entutives of the penus oeeurring in American 
rocks were discovered hy Mr. Sprinjijer in TiOwer Carboniferous 
strata, proihihly of ('JK-stor age, of New Mexico; the typical repre 
st'ntatiw s]H'cies, Ortltojdviirihlus rdrhotmrUia, belongs to the Upper 
Carboniferous, the ii|>]Hr division of which has afforded the majority 
of specimens thus far, althnurrh apjiarently the same species is not 
unfretiuently nut with in deposits near the base of the Coal 
Measures. 

OuTHori.KURonrs twiiHONAuirs. (N. and W. .sp.) pars. 

ri. XIII. Fijj. •••.><. 

Snn>ln\nln.< rarhtmnrifis. N'r.wi-.nr.KY unJ W«»UTiiry. I'MV^. III. GpoI. Surv., II. p. 104, pi. X 
f. 4. .1. 

Jh-'tn.lns a'i;ni!'iris, Xkwijekkv atiil WouTHKX, H^'ii:. 111. Goul. Surv.. II, p. W, PI. IX, f. 1 

A sintrularly interostinpr {,'roup of teeth discovered by Mr. L. A. 
rullcr in the shales over Coal No. /i of the Illinois General Section 
of Coal Measure strata, at lilooniinjzton, leaves little room for doubt 
res])cctinLr the spocilic identity of the above cited forms, and with 
which is associated a third form probably holding a position imme- 
diately in advance of the posterior tooth of the mandibles, that 
originally described under the name DeJiftdus anfjularis. This 
**secoiur* or median tooth of the mandible is distinguished by its 
triaiijxular outline, straight postero-lateral border corresponding in 
co;i(laptation with the articular border of the above mentioned pos- 
terior tooth, and the uniform depressed coronal contour. A similar 
tooth has been obtained from the I'pper Coal-Measure strata near 
To]uka, Kansas, where individuals of the long posterior teeth of the 
upper jaw {S,imhil'hhis riirlninanuH) have also been foimd; and only 
recently Professor Worthen has brought from the Upper Coal strata 
at LaSallc, representatives of all three forms. The generic diagno- 
sis, founded on the typical speciiie forms belonging to the present 
sjjecies, siiilicieiitly describes the individual characteristics of the 
various dental elements here ascribed io it. 

The ^n-ou]) of teeth discovered by Mr. Fuller, which bear every 
appearnce of having belonged to one and the same individual, pre- 
sent tile following pro])ortionate measurements: Maxillary posterior 
trjotli. greatest ]n*e.^eived length along the straight border 18 mm.; 
greatist breadth 7 mm.; bnarlth at broken extremity 6 mm. Pos- 
terior tooth of mandible, greatest length from posterior extremity to 
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outer inroUed extremity 14 mm. ; greatest breadth between angles of 
imier margin 9.5 mm. ; breadth of coronal prominence at inner 
margin 5 mm. ; length along antero-lateral border 11 mm. Man- 
dibular median tooth, length along i)Osterior articular border 8 mm., 
breadth along inner margin 6.5 mm. 

The long posterior teeth of the mandible, which in well-preserved 
examples show the coronal ridge defined on either side by a slight 
impressed angulation, owing to the extreme thinness of the outer 
portion are invariably mutilated by having the outer extremity 
broken away. This attenuation is probably due in part, at least, 
to the excessive wear this part of the coronal surface has been sub- 
jected to while in use, and the vicissitudes to which they have been 
exi)Osed subsequent to their disengagement from the maxillary sup- 
ports has resulted in disfiguring this part of the teeth so that the 
form of the extreme antero-lateral border and outer extremity can 
only be conjectured. However, it probably partook of the general 
characteristics of the corresponding tooth of St^snopterodus and Del- 
toptychius in truncation and definition of coronal and basal regions. 
The far more uniformly massive posterior teeth of the mandible, 
however, are often foimd quite entire. The position and consequent 
severe usage suffered by the median teeth of the mandible by which 
they have been defaced, as also their extremely simple form, may 
have led to their being overlooked in many instances. 

Geological position and localities: The stratigraphical distribution 
of the above species, as it is at present understood, is known to ex- 
tend from the lower part of the Lower Coal Measures, well up into 
the Upper division ; the vertical range in Kansas is known to include 
above 1,503 feet of exclusively Upper Coal Measure strata ; LaSalle, 
Springfield, Carlinville, Staunton, Belleville, Bloomington, Danville, 
also, localities in Fulton and Vermilion counties, Illinois; Posey 
county, Indiana; several localities in the Upper Coal Measures of 
Iowa, Nebraska, Kansas and Missouri. 

Orthopleurodus convexus, St. J. and W. 

PI. Xni, Fig. 4. 6. 

Posterior teeth of mandible agreeing closely in outline with the 
corresponding form of OrtliopUurodus carbonarius, moderately arched 
from within outwards and revolute, antero-lateral border moderately 
curved sigmoidally, and occupied by a rather deep enamel belt be- 
neath the sharp, anterior coronal angulation; inner margin broadly 




VM rAL.KONTOLOCiY OK ILLINOIS. 

!iii«l cl'liijiiily r«»im(kMl, with sli«;ljt si^^nioidal outline extending into 
\\u- ])>>stirioi' aljition. which hittiT is iisuullv broken awnv. An- 

I * • • 

tcrior cdronal l(»hi' occiipyiiiir half or nion- the hresulth of the tootli, 
^'t'litly an-hr«l transvtrsi ly. t'(»n>]iicMioiisly so towani the inner mar- 
f.'iii. nitr^iiiL' into tlic ]>ostt'ro-hiti'ral di'pn-ssion, from which it is 
ilcliiUMi liy the ronU'kMl aiij^iihititm of that siilc. Surface uniforuilj' 
and minutely punctate. Length of a medium hize tooth along an- 
tero-lateral horder, VJ mm. ; breadth across inner margin, about 
M mm. 

Maxillary jiosterinr tooth subspatulaie in outline, broadly rounded 
at inner nh-nvin, postem-laieral border slightly concave, gently arched 
from within outward, extremity not known. Crown surface consider- 
al)ly an-heil transversely «»ver the prineii»al prominence in the vicinity 
of tile inner marizin. where the tooth attains ccmiparatively thick, 
massive pro])i)rtioiis, th»' ri.lj^'e anteriorly rapidly diminishing in prom- 
inenee. Surface ])unetation minnto ami uniform. Length of a tooth 
below medium size along straight border, probably at least 15 mm.; 
l)readth, abiiut \) mm. 

The alH>ve descriptions are foundc-d upon a single example of each 
form, respectively, discovered by Prof. .). .1. Stki'ukxson. Both speci- 
mens are in imperfect comlition, but .such parts as remain present 
certain peeuliaritie> which seem to justify their reference to a dis- 
tinct s])ccies. (\)m]>ared with the species prevalent in the Coal Meas- 
ures of the Western States, Orthrtjilciimtlnit nirhonariits, the mandibular 
posterior tooth ditTers in the marked transverse convexity of the prin- 
cipal lobe along the straight side, instead of being liat, as in that 
form: the opposed teeth of the upper jaw are very like, in both the 
west(rrn and eastern lornis, -tlie latter, perhaps, being distinguished 
by its more massive ])ro])orti()ns in the region of the inner margin. 
A larger suite of material from the Allegheny region may show the 
abovi- ilistinctive features to be of subordinate importance, marking 
mere indi\idual variati(»n, but in a direction not apparent in any of 
the Western specimens. 

(Tiithttf'u'dl jH^sitiim n}nl locaJittf: Trom strata above Mahoning sand- 
stone, (.'»)a] Measures; near Morgaiitown, West Virginia. 
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Orthopleurodus Novo Mexicanus, St. J. and W. 

PI. XIII, FifiT. 1-3. 

Teeth below medium size, represented by forms occupying the 
posterior position on the lower and upper jaws. 

Mandibular posterior teeth trigonal in outline, moderately arched 
in the direction of inrollment. Anterolateral border slightly curved 
sigmoidally, enamel belt abrupt and well defined from the down- 
ward and slightly outward produced basal-rim ; postero-lateral border 
making an angle .of about 55^ with the opposite side ; inner margin 
slightly obliquely produced backward from the anterior angle and 
gently curved sigmoidally, worn specimen inl)eveled inferiorly. Cor- 
onal prominence usually well defined, rather widely expanded toward 
the inner margin, posterior slope merging into the regularly trans- 
versely concave posterior depression, from which the alate expansion 
steeply rises into the prominent postero-lateral border. Surface 
punctation exceedingly minute and widely spaced. Breadth of a 
large specimen between the angles of the inner margin 1B.5 mm. ; 
length along antero-lateral border to point of inrollment about 
12 mm. 

Posterior teeth of upper jaw subspatulate in outline ; antero-lateral 
border unknown, that extremity of the teeth being extremely atten- 
uated and in consequence mutihited; postero-lateral border exhibit- 
ing the characteristic straight outline, basal border slightly chan- 
neled, and probably continued into a spur-point at the posterior angle ; 
inner margin broadly arched l)ackward round the coronal promi- 
nence and thence more gently curved toward the broken anterior 
angle. Coronal ridge prominent, rounded along the crest which 
culminates close upon the postero-lateral border to which the sur- 
face steeply descends, the broad anterior slope slightly depressed 
before reaching the mai'gin of the tooth, the ridge more or less 
rapidly declining immediately behind the greatest in'omiuence. 
Punctate structure the same as observed in the mandibular teeth. 
An ordinary size specimen measures along the postero-lateral l)order 
about 15 mm., greatest breadth of tooth at right angles to the 
straight border 7 mm. 

The present species is determined from a few specimens of tlie 
maxillary posterior form and a single example of the mandibular 
posterior tooth, which were discovered by Mr. Springer, in the fish- 
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biMl stratum luar tho base of the Carboniferous series at Santa Fc, 
Now ^^(•xi^.•o. The state of pre^ervatiiju of the specimens, although 
not ]H:rl'ect, is sulVu-ic-nt to atlunl the basis of comparison with the 
allied species Orthtipli'ur<nht;< varlttuanuSy occurring in the Coal 
Xleasurt-s of the Mississippi Valley. ^Yhile the present species is 
smaller hi si/.u, the mandibular posterior teeth differ from the latter 
in their ])roporti(»naltly jjjruater breadth as compared with the length 
alioij:; the antiro-lattral border: thu maxillaiy posterior teeth may 
be distin^'uished by the apparently less dWique course of the coro- 
nal rid<ze, while the surface punctation is much the same in both 
species, the puncta-, perhaps, more widely spaced in the New Mes« 
ican teeth. Its resenil>lances with the above species is more inti- 
mate than with Orthttidvurodmi couvvxus, although there is a marked 
similarity in the maxillary posterior forms, as indicated by the 
imperfectly worn examples. 

Gcoltujtrtil jiDsitlni and loadifif: From the tish-bed layer near the 
base of the Carboniferous series, associated with other Lower Car- 
boniferous lish-remains ; near Santa Fe, New Mexico. 
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PSAMMODONTID^, l. ,i, Koni„ck. 

Gexbs PSAMMODUS, Aea.»iz. 

P»amntodnf. AoiBsiz. 1X13. Polasons Fosslles, tomo III, |i. IIO. 

Teeth quadrilateral or trapezoidal in geuoral outline, variable, usu- 
ally thick and massive. The coronal region presentB a more or less 
plane surface, according to the position the form occupied upon the 
jaws, always arched, generally moderately, in the lon^jitudinal direc- 
tion or from behind forward, transversely concave {maxillary teeth), 
or more or less convex (mandibular teeth), sometimes raised into a 
low ridge along the exterior lateral border, also along the articular 
inner border, or showing a more or less wide convexity in the latter 
region, and sometimes presenting a more or less well defined trans- 
veree prominence in mature maxillary form. The marginal limits 
of the crown are well defined, rounded along the exterior of lateral 
border and usually inbcveled, and almost always making an angu- 
lation at the articular inner border and along the anterior and pos- 
terior margins, the enamel extending well down and more or less 
distinctly defined from the coarse vermicularly pitted basis, which 
constitutes the greater part of the height of the tooth. In front and 
behind, the basal wall is nearly exactly vertical to the plane of the 
coronal surface and moderately channeled or concave; the inner 
articular face is also vertical and slightly excavated, presenting gen- 
erally at one or the other extremity an obliquely truncated articular 
facet for co-adaptation with the contiguous tooth of the opposite 
series, the extent and obliquity of the truncation varying greatly 
according to the species ; the exterior lateral border, in typical forms, 
shows an expansion of the basal portion beyond the coronal limits, 
increasing in breadth and terminating in a more or less produced 
spur at the postero-onter angle of the tooth. The coronal surface 
exhibits under an ordinary lens a distinct vertical prismatic struc- 
ture, each of the vertical columns enclosing a medullary tube the 
appearance of which at the surface produces the exceedingly minute 
punctation usually observed in these teeth ; the exceedingly elegant 
venniculose rugosity exhibited in the less worn surfaces of certain 
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BpeL'ies is |irnilu<red liy tlu' wrinkling]: of the enamel ur external layer, 
and wliirh apparently lias no other relation to the medullary tubes 
than to rudtly dcline them in impihir and transverse or lon«ri- 
tudiiiiil rows, the puneta* rarely continent, and the rugose appear- 
ance hi'coniin'j: ohsi»K'tt' «)r mori* or less oilmen red over the more 
exposed ]»art^ of the trituratin.i^ .surface. The impression also pre- 
vails thai tlie tendencv to ru«xositv i»f the c<»ronal surface increases 
witli aj/i', since this a])p( arance so far as observed seems to be most 
prevalent and con^picuous in laru'e individuals belonfj:inj,' to the 
seriis which lunu recciveil several siccessions, the innermost indi- 
viduals of which have sulTcred little from the abrading effects of 
trituratieui while in use; lait it is not an essential character, as 
some sju'cics e\idently always riinaincd <piite .smooth in their cor- 
onal areas. The infi-rior .surface is plane, in a jieneral way con- 
forming^ to that of the crown, and even possessin«:( distinctive 
characteristics as ap])lied to species: it shows in the perfect state 
a rather dense thin layer, ]»erhaps in dej^ree rather than structually 
dilTerini: from the more cellulose middle layer composinjx the bulk 
of the Iwise. an«l usually marke*! by more or less distinct longitudi- 
nal «:rooves. or smooth, ami faintly keeled nearest the inner articular 
border. 

In drawing' up the foregoing diagnostic account of PsaiumoJus, the 
authors have been actuated by the desire to place before the student 
of pahvichthy(»lo<iy such data as they themselves possessed relating 
to the genus, and which they owe largely to the kind offices of their 
colaborators. It will have heeii observed that the genus embraces 
a variety of jorms, which, while their generic identity is uuques- 
ti<»ned, olTer so diverse appearances as, in the absence of other than 
detached aiid fragmentary remains, to greatly ctmiplicate the de- 
termination of the relative position the forms occupied upon the 
jaws. Their congeneric identity is proven hy identity of outline and 
contour and suj>erticial structure common alike to each and all of 
the forms, and these latter resolve themselves into certain well- 
deihu'd groups, so that specific distinctions may be recognized in 
unique exam]>les i)ertaining to on: or the other form. But in the 
attempt to associate these f(.>rms under definite, specific combina- 
tions, the observer is necessarily comi>elled to rely, to some extent 
at lea>l, on other than superficial resemblances, as, for example, 
the association of the individuals in the horizons whence they were 
derived. The process is often further complicated by the accidents 
of collecting, for it not unfrequently happens that a series of teeth 
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from a locality consists not of a single form merely, but of indi- 
viduals pertaining to the same side in relation to their position upon 
the jaws. However, fortunately, now and then appears a specimen 
which seems to set at rest wliatever doubts may have been enter- 
tained as to the actual state of things, and in a few of the species 
the collections are rich in data going to establish a more precise 
and comprehensive understanding of the species themselves and the 
family and ordinal relations of the genus. 

So far as has come to the notice of the writers, the genus Psam- 
modus has been classed by authors with the Cestracionts ; Dr. L. de 
Koninck, however, rt'cogniziug their distinct family character, for 
which ho proposed the term Psammodontidn-.* As early as 1843, 
Captain Jones, in a communication in reference to his acquisitions 
of fish remains from the mountain limestone localities in the vicinity 
of Armagh, says: **There are good specimens of one more tooth, 
somewhat allied to Psammodiaiy yet having a distinct character, which 
will connect it with the ilyliobates ;"t and to whom should be cred- 
ited thus early the recognition of the affinities of the Psammodonts. 

The examination of a considerable suite of the teeth of Psammo- 
dns must convince one of their having originally occupied a serial 
position upon the jaws, stretching across from side to side, hi the 
manner exemplified by the Mijliohaies of Tertiary and existing seas. 
Indeed, Dr. de Koninck alludes, loc. e., to a scries of three teeth of 
the species P. poroHus, found by Mr. Neilson in the mountain lime- 
stone deposits near Glasgow (N. B.), which still retain their relative 
position to one another, and with wliich the distinguislied palaeon- 
tologist reconstructs the dental armament of the jaw. But perhaps 
the most complete and satisfactoiy information to l)c derived from 
isolated detached teeth is that secured by ^fr. Springer of the species 
bearing his name, from the Upper Burlington limestone of our Lower 
Carboniferous series. The latter are so well preserved as to furnish 
many and highly desirable details without which still some uncer- 
tainty might intervene to a satisfactory conclusion on the chief points 
relating to the disijosition of the teeth upon the jaws. These show- 
conclusively that the teeth were arranged in at least double rows, 
not exactly opposite, but the tooth of one or other row in advance 
of its mate, the articular border showing obliquely truncated facets 
at one or other angle by which it is coadapted to the articular faces 

♦Fanno <ln (.''ali^jiliv ('iirl»nnit«''n^ «!<.• la .l^<il;:iinn», 11. p. :»s, 1S7S. 

*U«.'l»ort on tlio Oot..lMi,'y of LnmlcMiiIorr/. oU\ by J. K. Portlork, F. U.S., F.G. S., etc., 
181:;, I). U\'2. 
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of tlio two contifnious teeth of tlio opposite parallel row, thus pro- 
(hicinj,' ail asyniinetrical alturnatiii^' arranpienient only less symmet- 
rical than olitains in the modern MifHtihiitea. That their real affini- 
ties are with the Mylioihaits tiiere can be no doubt; but whether 
they shoubl Ik- rejiarded as iiititlcd to a specilic family rank distinct 
from their living aUies, we ilo not tleeni ourselves prepared at the 
present moment to allirm. As far back as 1802, Professor Agassiz, 
as is Will known to his students who were at that date and subse- 
quently matriculated at C'ambridj^e, had recognized the ordinal rela- 
ticmshi}) (»f the Tsammodi, and besides the typical Psatmnodus he 
also inchuled the several allied genera of the Aitohates type antici- 
pated thus early in the earth's history by the genera Copodus, Plevro- 
(tnmjthns, Pinufiouhtii, Lahnduri, I)hnifUiiM, etc., which were recognized 
from moiuitain limestgne species occurring in the British Islands. 

Notwithstanding the incompleteness of our materials in certain 
imp(»rtant particulars, we deem it something more than mere con- 
jecture the assignment of the forms to deiinite positions upon the 
jaws. As is well known, the maxiUary dentaries of Myliobatcs present 
a gently longitudinally arched condition so far as relates to the grind- 
ing siu-face of the series of teeth with which the jaw was paved 
across ; and that the mandible presents in comparison a triturating 
surface stronj^^ly rolled in the same direction. The same state of 
things may readily be ai)preciated in a suite of examples of Psam- 
imnbis : The nearly plane or longitudinally slightly arched and trans- 
versely more or less concave coronal contour i)f the teeth, may with 
reason be regarded as having belonged to the upper jaw; and those 
teeth which exhibit a contour almost the reverse of that just noticed, 
being perceptibly more strongly arched longitudinally, also trans- 
verscfly convex, with a more rapid ci^nvergence of lines projected 
vertically to the coronal surface downward from either margin, indi- 
cate for a series of teeth a more strongly rolled surface area than 
in the above mentioned form, and corresponding in this essential to 
the teeth composing the series of the mandible in the Myliodonts. 
Uut the collections, both European and American, afford examples 
of a form which, possessing essentially the outline and contonr of 
the previously mentioned forms, diifer from them in their oblong 
shape, being relatively longer than wide, and the depressed median 
region an<l roumled condition of the coronal folds along the lateral 
borders. All of the examples of the latter form which have come to 
our notice are further distinguished by the relatively great depth of 
the basal portion, which, however, in other respects intimately agrees 
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with the associated forms. They plainly held a lateral position, and 
from the character of the articular border, especially as displayed 
in mature individuals, they apparently alternated with a row of me- 
dian symmetrical teeth, of whose remains, however, not a vestige 
has been detected in the collections accessible to us. In the event 
of the above inference proving well founded, the latter form would, 
with its associates, present a dental formula entirely unique and dis- 
tinct from what obtains in typical Psammodiis. There is marked 
diversity amongst the latter, as will be made apparent in the sub- 
joined descriptions of species. 

Attention is also directed to certain resemblances existing between 
the Psammodi and Cochliodonts . As is well known, the teeth of 
the latter were disposed on distinct rami of the jaws, instead of 
spanning the jaws from side to side, as is the case with the 
Psammodonts. But in respect to the outer lateral borders of certain 
forms of teeth representative of the two families, characteristics are 
observed which hardly are to be relegated to the category of mere 
resemblances, and the presence of which suggests interesting homolo- 
gies between the respective forms belonging to either group. In 
this way the projection of the basal rim beyond the coronal border 
in the external border and its prolongation into an acute spur 
terminating at the posterior extremity, are unquestionably the same 
in the exterior and posterior terminal forms of either family, — ^the 
posterior teeth of Cochliodonts homologically corresponding with the 
form constituting the exterior rows of teeth in the Psammodonts, 
even the direction of the obliquity of this side adding stress to the 
likeness in which the forms of l)oth families share. The succeeding 
forms of the Cochliodonts find their representatives in the inner 
rows (where such exist) of the Myliodonts, and in those genera of 
the latter in which the jaws are arched by a single row of dental 
plates. The condition is such as would be produced were the rami 
of the Cochliodont jaws drawn out into a transverse position and 
their dental armature consolidated into single plates stretching from 
side to side across the symphysis. Indeed, in these early forms a 
much more intimate relationship exists between the types of these 
two great orders of Selachians than obtains between their represen- 
tatives of later geological times. 

The genus is strictly of Carboniferous origin and duration, indeed 
beginning nearly at the dawn of the earlier period and ceasing at 
its close. The Coal Measures thus far have not yielded a trace of 
the remains of Psammodua, 
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!rr. r J.:..! p .'.%.-r:or margins nearly 
linillel: very ci-ntly and irregi:- 
'. .:ly (.•irvri !«»rMjir«l. the coronal 
•..: « 'upying less than one-third 
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t ■-•-!: !::.:: •.it-vpt.-t in the anterior 
i:. «:.:::.. ur.l in wt 11 pre>erved ex- 
:;!:.]•'.» - creir:!iited with vertical 
^.i". iTo.iu.-inir an exceedingly 
.' c:i:t:f:l .-culptiireil belt well de- 
i':!-v i fr. in tlu- deep basal portion 
by a >Mirht inbtveled band: the 
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. ' " ' •"';•' sTuoture which extends to the 

.^ ' ' ' • ".i^ii-t. tiiin inferior layer. The 

iiii.' r i.i.ri. «• !- i>';;i!iy ii.-.ii!y stnii'j::! and vertical, the enamel belt 
'••Ml*.!:;- =.-. V.;*}. tiirtt of thi- iiiarL'ins. tiin'.:L:h k'S> distinctly sculptured; 
"?:•• '■■• '••i-'T riiJi.:' "f thi- l-nnb.-r i- truncated at a slight angle, 
pr» -•■lit;! L' rMj ::rr:"ul:ir l:ir. r nf Niirial'Ii- i-xtcnt, though not always 
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• •n;iiin I iv \s. II <!• tiiK-1 :!?;'l ]iKir«_r:n.-.| p«w?erior]y by a widish expan- 
.•i'Mi «.r i!jf li;:-::l l.!ir,|.-r. \\\\\v]\ is i-oiitiiiiiLMl into the posterior spur. 
<""roii;il -iiiIm'm' \.rv L'lutly iiml n'«iiilarly arched longitudinally, the 
:«n;'.|i of tin }>»'i» ri^r jiii.l niitt n'nr niarjrius and inner articular 
b.»i-.!i-. -liaii'ly •!• liiH .1. t!i:it nloiii: the outer lun dor rounded from the 
Irj. i-r «cirr,ii;il lu|.| i,f tlijit sjil*-, wlijj'li i- sonU'tlnu'S d»*fmed by a nar- 
row iiiipn-.yiMl liii.-. r.ioijj'ji n^ually iiurL'iii.t; into the shallow median 
(li prt-'.-ion, fioni wliicli ri-t-s tlie \si«lcr, very slii^ht convexity that 
oi'iii|)H ^ III. iiiin-r |'.»rtioii iA the snrl:h-(*. In some s]iecimens the 
<•oron.ll .-sirr.icc .-.Iiia\' ilistinrtly the ]»ri^niatic structure, the minute 
imnclji lieinj^ less dir.cernible. 
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The teeth are so variable in relative dimensions that comparative 
measurements are of little use for other purpose than to show the 
maxima attained by the species, as indicated by the breadth; thus, 
the largest perfect example shows a transverse diameter across the 
posterior margin of 33 mm., the smallest perfect tooth measuring 
about 16 mm. in breadth. 

A form diilering from that above 
noticed chiefly in the proportion- 
ately greater length of the teeth, 
compared to their breadth, giving 
them a more lozenge-shaped outline 
are quite as numerously represented 
in the collections, and which we sup- 
pose to have constituted the arm- 
ature of the opposite jaw of the 
same species. Examples of much- 
worn, mature teeth present an 
almost regular arch, or curvature, 
from the inner anterior to the outer 
posterior spur angle without dis- 
tinct intermediate angulation at the 
junction of the exterior border with 
the anterior margin, and the inner 
coronal prominence, as also the 
outer lesser ridge, is reduced to a 
nearly plane surface transversely. 
The inner articular border is quite 
straight, extremely thickened and 
serieJ;^"^^"'"''''^ ^'"''^^''** ""' maxillary wedging out towards the exterior 
border; in every instance of the teeth here admitted, the truncated 
facet is extremely small, sometimes occurring at one angle, again at 
the opposite ; however, most of the specimens being truncated at the 
posterior angle. The very gentle longitudinal convexity of the coronal 
surface of the tooth indicate that the curvature of the series constituted 
a smaller segment of a circle than was the case with the before- 
mentioned form; hence the supposition of their maxillary position. 
In dimensions, as also in surface structure, the form agrees with 
that previously noticed. 




Diagram of maxillary teeth of Paammo' 
dns Sj)ringeri, 

a. Maxillary Berios. trlturatinc surface. 

h. Transverse profile of maxillary se- 
ries. 
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Tlif mIiovi' noli<N«l forms arc about equally represented in num- 
Ikms ill tlir «*c»llri-tin!is fnmi tlif Upper Burlington "fish-bed," where 
tiny all" nut imromnuni fossils. The truncated articular facets vary 
sniii, what ill extent as thuv do also in position, occurring in one 
in<liv].lual at <nr aii«:l(* nml in anotbiT at the opposite angle; and 
ju'li'in^: fnnii tin cliaractir of the articular border, it seems most 
)iii'l>al>lf that the teeth wtiv rnn^'id in double rows, the individuals 
of «>nr t»r the ollar ran"**- slicrhtly in advance of the corresponding 
t« I th of the op]n»siti' ran^;e, the long articular face and short facet 
of oiii' tooth joiniii*:; tin* name parts of the opposite contiguous tooth. 
This pn suiihMJ disposition of the teeth produces the alternating ap- 
luaianei shown in the outline diagrams given in connection with 
til*' ilhisti:ui.»ns nf tin- several sorts t»f teeth here specifically asso- 
eiaud. Tin- iuilividuals of the two fonns show precisely the same 
varial'ility in tlu- tnineatid ani^'lc of the inner articular border, though 
tin- asyninit try is much less ]in»nouneed in the supposed maxillary form 
than it is in tht- shortrr form nfrrred to the mandible of the same 
spirits, hnlitil, it is tlu' ahstiiee of symmetry in these teeth that 
otT« rs <»ne «»f thf sti'on»;est eontrasts with the living representatives of 
tlu family. Yri it should he n-numlured that the existing Myliodonts 
an- siihjt'ct t'» abnormal variatit»ns, such as the interpolation of an 
extra rnw of latrral thiital ])latts, while the individuals of the sev- 
iral riin^t s arr placed in alternating ordtT. The collections have 
been ran.-ackr-l, hut without ivsult in revealing the vestige of a sym- 
mi irical nuMJian dental ]»late, such an one as would restore to the 
rt)ws of tritli a ])trfcct]y symmetrical arrangement, like that illus- 
trated in the hypj)thetical dia«^'rani annexed, the lateral fonns of which 

will readily be recognized in the 
illustrations of actual specimens^ 
We can, therefore, only conjecture 
the possible existence of median 
teeth similar in shape to the sup- 
posed form shown in the diagram, 

.i.-i!!Mi|.!;it.-..f /•>„„,. N;,/;N:.i-,-,.maii.iiM"'. a^^u tucir aoseuce amongst tne 
score and a lialf <»f examples of the lateral forms contained in the 
coljrctions, wouM secnn to alTord slij^ht grounds for the supposition 
of the existence of intermediate symmetrical teeth in the dental 
forniula of the genus to wliich the species belongs. 
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Oeolvgical position and localities : Upper Burlington limestone, **fish- 
bed;" Buffington creek, Louisa county, Pleasant Grove, Augusta, 
and Burlington, Iowa ; Cedar creek, Henderson county, and Quincy, 
Illinois. 



PsAMMODDS TUMiDDS, St. J. and W. 

PL XIV. Fiif. 1-4. 

The collections contain several examples representing two forms 
corresponding with the supposed mandibular and maxillary teeth of 
the foregoing species, Psamtnodus Sprinrfcri, of the same deposits, and 
which, presenting apparently persistent characters by which they 
may be distinguished, we are led to provisionally indicate under a 
distinct specific appellation. Presenting the same general outline, 
they are distinguished from P. Sprimjeri principally by the greater 
extent of the truncated angle of the inner articular border and the 
distinct longitudinal rugosities that make a highly wrought orna- 
mental belt usually extending a short distance forward from the 
posterior margin, both of which characters are common to the two 
forms. The short, broad mandibular teeth do not differ otherwise 
to any marked extent from the same form of the above-mentioned 
species, unless the crown shows a somewhat greater transverse con- 
cavity and more strongly arched contour from within outward; 
however, the prominence along the inner lateral border is somewhat 
more distinctly defined by longitudinal furrows than is observed in 
the corresponding teeth of P. Springcri. But in respect to the max- 
illary form, the most striking contrast is noticeable in the latter 
particular. The inner coronal prominence becomes strongly devel- 
oped, presenting a distinctly defined lobe, laterally rounded with 
steep declivity falling to the depressed median area^ which in some 
instances is quite strongly plicated longitudinally in addition to the 
rugose belt ornamenting the crown surface immediately along the 
posterior margin; in worn examples the rugose sculpturing is obso- 
lete. In the majority of instances the limit of the inner coronal 
ridge is defined by a narrow impressed line. The lesser coronal 
ridge along the exterior lateral border bears intimate resemblance to 
P. Springcri, and the same observation may be applied to the super- 
ficial structure of the teeth. 

At the outset we were inclined to regard the teeth above referred 
to as merely variations from the normal condition of Psammodus 
Springeri. Indeed a more extensive suite of material may possibly 



•ior, PAL.KoNTOLOdY OF ILLINOIS. 

pnnr tlicni t«» 1m" sptrilirally idonticnl. The inJividuals exhibit pre- 
cisely till- same varialil».iir>h as rc'<:anls the position of the tnineate 
an<:l(> "f the articular Imnler. thiiu>^'li, as hns been ah'eady remarked, 
tin- fa'-it is of «in atir extent : iudced, in some instances occupying 
ni'.irly half the leii^tli of the lM»rder. 

(j,"h,i},',il jmsitiint auil liH'alitii-s: Upper Hurlington limestone, 
ehir;ly fn>iii the main •"lish -bed," a single example from the upper 
lish-bed horizon; JJnftin^jton Creek, Pleasant Grove, Augusta, Iowa, 
and <^>uiney, Illinois. 

rsvM.Monrs 'iiKiUDrs, St. J. and W. 

n. XV. lit: 4. 

A uni(iuif example of the maxillary tooth, derived from the fish- 
lied (jf the ]?urlington-Keokuk ** division beds," shows a still wider 
diverjiffnee from Psdmnnhhiit Sjtritiocri, and which we have provision- 
ally ree«vuniized under the above speeilio designation. In outline the 
tooth resembles the same form of 7*. Sjfrinfjcr't and P, Unn'uluSy its 
relatinnshi]) with the latter being most Ultimate. The inner border 
is nearly eciually divided into two long articular facets separated by 
an an.milatiou, the truncate facet being at the posterior angle, the 
coronal belt very deep and well defined from the slightly channeled 
basal portion. The inner coronal ridge is very prominent, occupy- 
in*^' fully half the transverse diameter of the crown, broadly arched 
in botli directions and defined from the median depression by a 
sharp impressed line: outer lateral border not known. The surface 
shows a minute punctate structure through the dense enamel layer 
envelo])ing the crown: abmg the posti-rior margin the surface pre- 
stiits a beautiful rugose appearance from the beaded longitudinal 
plicjc, which oxten«l some distance from the margin, and the artic- 
ular border as also the preserved portions of the anterior and pos- 
terior margins are similarly ornamented with vertical rugosities. 
The specimen measures between the angles of the inner border 
1.7. r> nun. probably about the same as the greatest transverse diam- 
iiU'V at the posterior margin, 

A solitary and somewhat mutilated specimen, obtained by Mr. 
Springer from the main iish-bed of the upper Burlington limestone, 
presents e\aetly the same character of inner articular border that 
distinguishes the ahove descri]>ed tooth. Rut the coronal prominence 
of the latter example, althrmgh very broad, is comparatively low and 
merging into the shallow median depression, which was apparently 
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bordered exteriorly by a nearly straight, vertical face similarly 
marked to the other vertical sides by vertical beaded rugosities. 
This specimen, if it is correctly deciphered, has a nearly rectangu- 
lar outline so far as relates to the external border and the anterior 
and posterior margins, the angulation of the inner border giving the 
tooth a pentangular figure. Taking into consideration the vertical 
condition of the straight exterior border, which shows features con- 
sonant with an articular face, this tooth certainly suggests a form 
not hitherto recognized, and which is at the same time a true 
Psammodus, It is possible that the specimen represents one side of 
a median series of teeth comprising two ranges, the inner articular 
borders alternating and the exterior borders joining the inner artic- 
ular borders of teeth of the form of those described under P. 
Springeri, &c. ? The specimen is strongly suggestive of such a com- 
bination of dental elements, after the fashion sketched in the an- 
nexed cut, Fig. a. The specific 
identity of the ** division bed" 
tooth and that last referred to 
from the main fish-bed of the 
Upper BurUugton, is only conjec- 
turally inf<5rred. The partially 
shaded pentagonal plate on the 
right of the double median series 
gives a reduced outline of the 
^Hypothetical diagram of p^ammodi^^ Specimen here referred to. 

Geological position and locality: Fish-bed of the Upper Burlington- 
Keokuk division beds; DesMoines Co., Iowa. 




PsAMsioDus LoviANus, St. J. and W. 

PL XIV, Fig. 7-9. 

Teeth attain medium size. Maxillary form subrhomboidal in out- 
line, rather strongly arched from within outward. The margins 
gently arched forward and parallel, the anterior margin apparently 
somewhat strongly inbeveled, though really vertical to the edge of 
the crown surface, posterior margin showing a belt of enamel ex- 
tending perhaps one-fourth its depth, and well defined from the 
slightly excavated base. Inner border making nearly a right-angle 
with the margins, the truncated posterior angle reaching about one- 
fourth the distance of the border, and making a rather strongly 
marked angulation with the anterior portion of the articular face. 
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The Mmint'l lu^It also distinctly delinod and delicately sculptured 
ill vi'iti'iil lujiiositii's, tract's of which are also detected in the belt 
of tlif anterior a!nl posterior nnirj^ins; outer border gently cun'ed, 
ami viiy ^rratlually divii«,nr.^' from the rounded anterior angle to 
the posterior an^'lo, wliich tenuinates in a somewhat produced 
s]Mir. the hasal pt»rtion projecting; prominently beyond the border of 
the crown, which is limited hy a narrow enamel fold. The coronal 
riL^Mon ]iresents a remarkably uniform surface, in the main gently 
iUpreSM (I transversely without well-ditined inner prominence, and 
rather abruptly ui)raised alonj^' the outer border, which forms the 
mnst promiiM'iit i>art of the coronal surface. The worn surface ex- 
hiliits minute ])iinctati(m, and the less worn portions show a delicate 
reti<-ulate structure, ])roiluced by the walls of the vertical prisms 
eiicb>si!i^ the medullary tubes. (Ireatest diameter across the poste- 
rior mar^'in, .Vi millimetors ; length alon*:; the inner margin, about 30 
mm. : breadth across anterior mar<,'in, 38 mm. ; thickness of tooth, 
about 1") millimetres. 

Mandibular form sulxjuailrangulai in outline, moderately arched 
ill both directions. Inner border marked by a slight angulation de- 
lining? th«' anterior ami posterior articular facets which are appar- 
ently nt^arly eipial in txteiit, coronal enamel well detined along the 
deej), slii^'htly inbuveled basal portion; exterior border gently arched, 
Very Ki'i^bi^illy convirfriiij? toward the obtuse or sharply rounded 
anti rior aii«:le, the basal portion ])rojecting more or less beyond, 
and well defined from the rounded coronal border ; anterior and pos- 
terior niar<?iiis makin<( the same slight sigmoidal curvature, with a 
sliallow concavity in front and a corresponding broad convexity 
behind from the inner angles, the basal portion all around more or 
li.'ss distinctly marked by vertical rugosities. The greater area of 
the coronal re^^ion is occupied by the broad low convexity of the 
inner ))romineiice, which is rounded to the inner border, and on the 
other hand slopes into the narrow shallow depression bordered by 
the narrow foM along the outer border: in front, the coronal prom- 
iinnco presents a lunate, slightly depressed area, extending back 
from the anterior margin a greater or less distance, evidence of wear 
while in use. The surface presents, apparently, the same character 
of puiictation obsiirved in the above noticed form. Greatest trans- 
verse diameter across the posterior margin, 35 mm. ; length along 
hiiit-r bonlir, 2() mm.; breadth at the anterior margin, 28 mm. 

The present species, represented by the two above mentioned 
forms, is known from half a dozen individuals in a more or less 
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imperfect state of preservation. A nearly perfect mandibular tooth, 
save for the mutilation of the outer posterior angle, from the Lower 
Burlington limestone, may not be distinguishable from less perfect 
specimens from the main fish-bed of the Upper Burlington in which 
occur the maxillary teeth described. The almost quadrangular shape 
of the form and its proportionately narrower transverse diameter arc 
the only apparent characters inconsistent with their association with 
the typical example of the supposed maxillary form above noticed. 
The same horizon in the Upper Burlington limestone at Quincy, 
however, has afforded Professor Worthen a unique specimen of a 
tooth referable to the same form, which is distinguished by its nar- 
row lateral diameter and more quadrangular outline, which, together 
with the course of the anterior and posterior margins, strikingly re- 
semble the opposed form mentioned above ; its transversely depressed 
coronal surface, however, clearly discloses its homological identity 
with the supposed maxillary form. Greater or less variability in the 
proportions of these teeth may be readily anticipated, and the latter 
example may be merely an unusually elongate tooth of the same 
species as that regarded as the type of the species, first described 
above. However, should this supposition prove to be erroneous, the 
last mentioned tooth would then be a unique representative of a 
distinct species, while the narrow tooth would probably be identi- 
fiable with the species to which the maxillary teeth described above 
belong. 

The forms described differ in so marked a manner from those of 
the previously described species, Psammodus Springeri, P. tumichis, 
F. turgidusy as not to require special review of these distinctive fea- 
tures. The maxillary form offers a typical example of the genus, 
and which strongly resemble individuals of P. porosusy Agass. The 
specific name is given in honor of Mr. James Love, of Buriington, 
to whom we are indebted for many favors. 

Oeological position and localities: Lower and Upper Burlington 
limestone; Burlington, Iowa, and Quincy, Illinois. 

Psammodus glyptus, St. J. and W. 

PI. XIV. Fig. 5. 6. 

There are two imperfect specimens of large-size teeth in the col- 
lections representing opposed forms of the upper and lower jaws, 
which are distinguished by the very slight longitudinal convexity and 
by the following oharaoteristics respectively: The foim probably 
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n fi-nibl* to tin- liiwiT jaw is aj^part-ntly snljqtiadran^ular in tmtlinc, 
tin* roroiiMl surl'atr reL'iihirly transvrrsrly arched into the low prom- 
in«ni«' whirli (»«M'U]ats the ;jivat»r jiart of its area, a shallow di- 
]Hf<>ioii ixti-ndinir :il'»ii«i tli** outrr hordfr; tlie coronal belt in the 
iiiitfrior niaiLMn aii«l inn«r ImnU'r cxttiids one-f<nirth or one-thirtl 
thi- <l«])th, Miiil is niarkrd hy <lilicate vertical rugosities, and dis- 
tinctly (|i thied \'vn]\\ tin* hasal ))«>rtion. — the post erit)r and outer sidrs 
niiKnowii. 'I'Iji- surfac*- «»f tht- crown pn-scnts an elaborate sciilp- 
Tuii.l ai)])i"araiHM' from the «lelicatt' ruirosities which are disposed in 
loii'jimdinal lines, a narrow \\t«rn lult ahmt/ the anterior ed^'e ex- 
))«t^iiiir th«' niimiti' ])un«-tMti' structurr, tin* surface here also showing! 
faint tran>vorsr nnduhitions. 'Vlw su]»iM)Scd maxillary fomi presents 
a hmad shall* »w concavity in tht- transverse diameter, and very 
L'l-ntly anln <1 lon«_ritu«linally,tlic enamel forming a wcll-defincd Inlt, 
«l«'r])cr aloni: the innrr articular honlrr than at the anterior ( ?) mar- 
*j[in. which i-- rathrr ^troni^ly inhivrlcjl. The coronal surface presents 
an e\cii iJinL^ly intricate niL:n>e urnamentation. the nigosities appar- 
i-ntly nnt CMntoruiinii to any ilethiite <lirection. The examples attain 
a hrca.lth of KMo ,")() millimetres, hut they are too imperfect to show 
details otlur than thox- notici'd. 

The th'st noticed form hears marked resemblance to the corre- 
spondinj,' form of 7V'////mf>(///x lAn'mnus in outline and contour, so far 
as th<"se features are decipherable, and the peculiar rugose ornamen- 
tation of the coronal surface may be that of a tooth which has been 
less ex])osi'.l to wear than the exam]>les noticed under the latter 
speciiic dc^ii^niation. Still the present tooth differs from that form 
in having a more an^'ular inner border, the crown in P. Lovlanus 
bein«^' rounded to the enamel belt of the articular border. In rela- 
tion to tilt' companion tooth described above, its mutilated condition 
lianlly affords tlu- necessary data for the restoration of its outline and 
coronal contour, but the beautiful ornamentation of the surface is well 
clis])layed. In the latter character the tooth departs so w-idely from 
the s])ecimen with which it is ]>rovisionally associated that we are 
inclined to re^'ard their sj)ecilic identity as improbable. In the pe- 
culiar >cul])turin',' of the coronal surface it bears greater resemblance 
to tlie Keokuk species, I\ //nn/f/zs, though the disposition of the 
ru^^e is much less rejj:ular than obtains in the latter species. 

The same formation alTonls a fragment of a small tooth belonging 
to the form individuals of which we have elsewhere noticed mider 
the specilic desii^^iation PsfUfDniKhiH cnittsiditft. The specimen preserves 
only a part of the outer border, which shows a somewhat obliqne 
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direction, making an obtuse angle with the anterior margin and 
which is strongly beveled from the acuminato culmination of tlio 
outer coronal ridgo; the crown is rather deeply depresBod trans- 
verBely, and very moderately arched longitudinnlly, presenting a 
beautifully sculptured surface which bears a Htriking renemblance to 
the style of ornamentation observed in the typical specimen above 
described. The Bpeci&c identity of the present example with that 
form, however, is merely conjectural. The spocimen in of eB])ecial 
interest from the fact that it belongs to an opposite row, — all tho 
individuals of P. craeeidus at present known being from the lamc 
side. 

Geological ponitioa and locaUtUn: Upper Burlington limoBtono, main 
llsh-bed ; Quiney and Cedar Creek, Henderson county, 111. 



FsAUMODUS aiuNDiB, St. J. and W. 
VI XV. Fie. 1-3. 

Teeth attain large size. Maxillary form subrhomboidal in out- 
line, moderately arched longitudinally, gently depressed transversely. 
Inner articular border nearly straight, — one specimen showing a 
slightly truncated posterior angle for the lesser articular facet, 
while a smaller individual shows a faint angulation a little in 
advance of the middle, but so disfigured by abrasion as not to 
clearly show its character. Coronal enamel forming a narrow fold 
more or less well detined from the deep basal portion ; outer bonier 
not preserved ; anterior margin very gently curved or nearly straight ; 
posterior margin gently arched, more or luss irregularly urdulatt-d, 
especially in mature teeth. Coronal surface in young exiimples 
smooth and regularly convex and concave in the two diiimeters, 
maturer individuuls being traversed by more or lesa coiiKpjcuous 
transverse undiiliition!!, and whioh are even faintly discernible in the 
efirlier-formed sni;ilU-r teeth. The surface is tIcKantly sculptured, 
the rugose lines Hhowin;,' a decided transverse arrangement, tlioutjh 
sometimes taking an oblii|ije ciurse over limited areas, and in the 
more exposeil part.s presentintf a r';ticiilate appearance like Aralie^ifiue 
desitrns, antl in worn surfafres Ic-coming obsolete where the ordinary 
minute pum-ta- appear, A .^mall tooth presents the following rela- 
tive proportions: iJn^adtli acrosH por-.terior margin, about JS*") milli- 
mctris; breadth across imteri'T niiirgin '21 mm; length along inner 
articular bordt-r alfout iO tnra. 
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M:iii.iiiiiilar tdili .siiliiu:nlr:ini.Mil:ir in otitline, rathtT stroii<;ly 
arcliiMl from witiiiu initwanl. Lateral ImnltTH unknown. The ante- 
rior aiiil |)o>tirii»r niai:.'ins inarkt-d liy a narrow coronal f«)lvl well 
*!• linrd fn»ni flu- lia>:il iMirtion. wliit-li latti-r in front is sliirhtly 
cliani.t U'.l with a «nrn ^pDnilinL' fonvrxity alonir tlu- ])ostenor inar- 
vin. Tlic <-i»r()n:il rtj^ien. JH-^idt-^ thr rather slron.ii longitiulinal 
ai'liin-.'. i»n H, iit> a -jinlN- tran^vt-rM- I'onvux'ty, which prohahly 
«-c'.iipr« > thf .LMiatir r\iont of the t*on»nal aroa. TIk* anterior half 
nr ni«M-«' of thf s'lrfaci' is ncvupii-l hy a transverse prominence, 
l'« Ininl wliji-h thf >urfa«e strcply sl(»prs to a wiih* plane ana hor- 
• li rii!" thr ]ii»-t<rior niaririn, prt"-t'nlinL' a contour somewhat cor- 
ns])nn.liiiL' to that of niatun- t-xainpU-s t»f the opposite jaw. The 
rn'.:oM oniaiiu ntation and puni'tation «>f the <'»»ronal surface presents 
a np.tjii.Mi of thr charactrrs notnl in CDnurction with the maxillary 
fi'iiii. Thr iiii|nrfr(t M»h' ri prr.-rntativi* of tlk- form shows a lonjii- 
tiidin:'.! dianh trr cf W niiUinutns. inilicatin«j[ the hugi' dimensions 
attaint d l»\ thr ti^llr•^ npn'MUtt il liy thr pnsent treth, and which 
wa^. Ml far as wr art' awarr, the larirest (»f its kind. 

The aliovi* ^pl•(•il•^ i> known to us from a couple of imperfect teeth 
ri'fi raldi' to thr iipptr jaw, and a narrow section of a gigantic speci- 
nirn l»rlon«,nn^' to tlu* n])posite jaw cu* mandihle. The smaller of the 
maxillary ticth .^hows ^rarci'ly a vestige of tiie rugose coronal orna- 
iiirntation. thr surface on the contrary hcing densely occupied by 
thr exposid orilirrs of the vertical tuhes. which exhibit various stages 
of wrar. from tlie sim]»le ])imcta' of excessively abraded areas to the 
eratrr-like form surrounded hy a rim of intensely hard substance, 
the ]Minrta simple or conllnent, with diseernihlc traces of the coarser 
ini^niatie striielnre. We are inclined to regard this tooth, at first 
hijrlit h(» cli^similar in its su]urHcial as])ects, as specilieally identical 
wiih ii> asscH'iates. It is an extremely rare species, and we regret 
the lack of materials necessary f«>r a comi)arison with the forms of 
the t\pical llurupean siJOcies with which it shares many points of 
rest nililance. 

(itiJiHiinil fii>sit}f.)i aud ItnO'it'na: Keokuk limtstone, Keokuk and 
\\i ntonsjiort, Jowa. 
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PsAMMODUS PLENUS, St. J. and W. 

PI. XVI, Fit'. 1-1. PI. XVII, Fig. 1-4. 

Teeth attain large size. Form supposed to pertain to the upper 
jaw subrhomboidal, or of a laterally elongate-trapezoidal outline, 
gently arched antro-posteriorly. Margins nearly parallel, somewhat 
irregularly undulated, making a shallow concavity and then very 
shghtly arched toward the antero-lateral angle, the reverse occurring 
in the posterior margin where the concavity is in the approach to 
the postero-lateral angle, both margins inbeveled or perpendicular 
to the crown surface, the anterior having greatest apparent obliquity, 
and defined above by the narrow coronal belt which constitutes less 
than one-fourth the depth of the face ; the inner border is nearly 
straight, showing a faint angulation a little posterior of the middle, 
and a narrower truncated articular facet at the posterior angle, the 
coronal folds of the margins forming a continuous belt well defined 
from the moderately channeled basal portion, which terminates in- 
feriorly in a narrow rim; the outer border is very gently arched, 
converging at an angle of about IS"", more or less, with the oppo- 
site border, and generally sharply rounded at the anterior angle, 
terminating in a more or less produced, acute angle posteriorly; in 
small or earlier-formed teeth the outer border is sharply inbeveled 
above and somewhat deeply channeled, limited by the narrow tlange 
or basal rim below; but in larger individuals the basal portion in- 
creases in prominence, forming a massive border extending consid- 
erably beyond the coronal limits and terminating in a more or less 
produced spur at the posterior angle. Coronal surface smooth, 
gently arched longitudinally and between the lateral borders, making a 
broad, shallow concavity, forming an angle along the inner border 
and sharply rounded in the narrow coronal fold along the outer 
border, where it is well defined from the basal portion in small and 
large examples alike. The crown surface is uniformly minutely 
punctate, the pores being considerably spaced and confined within 
the easily discerned vertical prisms. However, the surface structure 
varies according to the state of preservation. In much worn exam- 
pies the punctte are coarse and crowded, while in others under an 
ordinaiy lens the radi of calcigerous tubes around the orifices of 
the pores and the minute prismatic structure of the inter-spaces are 
beautifully revealed. Again, the lines of growth generally describe 
a segment of a broad circle with the convexity toward the posterior 
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iiinr^in. ^liouiiij^' that tlir f«»nn;itivt' inn-lt-us was situated nearly 
ini'lway tin- imtrricu' nuir^'in : in cxci'ssivily wnni in«livi«luals. whetlier 
from u<o or alinisii^n .--nKsfiiiU'iit \o jlislodpcini'iit from the jaw, the 
|M»sti'rir»r iiiar-jin )in siiit^ a hroad rtmvrvity between the posterior 
lati ral an«jl<>, luarktMlly in contrast with tin* actual curvature in 
pLilrct tti-th. A >niall tootli nu-asuns in greatrst <liameter across 
tin- ]»i»strri«»r niaru'in 'Jl* niillinirtrcs. length alnnj^ inner horiler ai»out 
]♦*» nun. Thr ]M'rfc<-t statr <»f i)r«*servation of many of the specimens 
alVt»nl a tiiu- e\liihitit»n of the chaiactrr of the infcrit)r surface, and 
which is a]»]>lical)le to all the ^^p^•ci^ s of the penus to <rreater or less 
di'izne. CunfoniiiiJi* in a «;eiu'ral way to the i'oronal contour, it is 
tM\t|i)pc.l ill a thin snuM)th layer of dense matter faintly striated 
lonLritudiiially, foiininj^' a h)W ri«l;:e or antrnlation about one-third 
Xhr distauLM" fi-'Mii tlu.^ inner l)or.h:r from which the surface rej^ularly 
slo|)if> t«> tin- lateral bonhrs. the tootli showinj^ its maximum depth 
at the posterior mari:in. 

Teeth sn])]»osed \o have l)een opposed to the preceding form, or 
])ertainin;,' to the mandible, are distin^'uished by their subquadran- 
•,'nlar outline and relatively narrower transverse diameter compared 
to the len.uth. The anterior marjzin is broadly arched forward with 
a ^li^'lit coiieavity near the inner an^'le. which is slightly auriculate 
and sharj»ly rounded at tin* outer angle: the posterior margin pre- 
sents essentially the same outhne. both nuirgins faintly channeled, 
the ])osterii)r one most strongly inbeveled, the anterior nearly ver- 
tical. The inner l».)nler is nearly straight, making a faint angula- 
tion a little ])osterior (^f the middle in medium-size teeth, a slight 
articular facet occurring at the truncated posterior angle, the artic- 
ular face faintly channeled and siunewhat strongly inbeveled; outer 
bonier very gently arched and gradually ccmverging anteriorly, basal 
portion in small and me«liinn-si/.e teeth rather deeply channeled, in 
larj^er s])«'cimens showing a thick rim extending considerably beyond 
tin- coronal limits ami terminating in a produced spur posteriorly. 
'i'he coronal surfa^'c is very gently arched longitudinally forward 
from the rather steep declivity bordering the posterior margin, and 
'.•enily rouvex transversely, a narrow channel bordering the inner 
and i)(»sterior sides, which, ti^gether with the anterior margin, are 
(Irlined by ail abrui)t an^'le, the coronal enamel forming a narrow 
fold encircling the tooth; along the exterior border the coronal sur- 
face is ordinarily abruptly rounde<l to the angular demarkation 
betwt'(Mi crown ancl basi', but in lartre teeth this angle is less promi- 
nent, though the coronal limits are still well defined ; a slight loogi- 
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tuiliual depression is discernible a little within and parallel with the 
outer border. The surface is smootb and full, the suporficial struc- 
tural details exactly agreeing with those observed in the preceding 
form. In the unworn rounded outer border of one or two ^specimens 
the coronal enamel presents faint rugosities apparently conforming 
to the lines of growth, and whiuh inust have produced an exceed- 
ingly delicate sculptured appeariiiice in the surface. A small indi- 
vi<1ual measures in transvtTso diameter across the posterior margin 
18 millimetres; length along the inner border 14 mm. A medium- 
size specimen is 3^ mm., and 26 mm. in the same dimensions; and 
the largest individual as yet observed shows a lateral breadth of 53 
mm. 

The above described forms tmdoubtedly pertained to one and the 
same species. They occur in the t-ollectious in alwut equal numberH, 
and present precisely the same superficial features in all respects 
save outline and contour. The supposed maxillary teeth apparently 
vary but little in proportions. The larger teeth differing from the 
small ones chiefly in the greater basal developmi'nt in the region of 
the outer border. A fragment of a very large tooth obtained by Mr. 
Alexander Butters, representing an individual which was probably 
not less than DO millimeters in lateral diameter, presents the same 
coronal contour in every particular, save the rounded posterior angle 
of the inner border and the irregular, deeply scolloped posterior 
moi-gin, which may be likened to a line of overhanging cliffs. The 
latter specimen is also of interest on account of showing the perma- 
nence of depth maintained by the enamel belt, which is dispropor- 
tionately shallow as compared with the relative dimensions of the 
tooth, while the basal portion is excessively developed. 

In regard to the supposed mandibular teeth, there is observable 
a much greater latitude in variabihty, especially in the proportions, 
with age. The earlier formed teeth are relatively longer, while the 
larger individuals show a greater transverse breadth, with which 
latter character is also associated that noted in large examples of 
the opposed form, in which the basal portion is developed into a 
prominent Hange along the exterior border. The collections contain 
two large teeth, which differ no greatly from the normal condition 
of medium and small-sized examples, that they might be mistaken 
tor representatives of a distinct species. The latter teeth are very 
broad compared to the length, and to further obscure their proba- 
ble actual specific identity, the posterior margin is in both cases 
broken away, ito outline confirming to the backward-arched hues of 
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tirnwtli, instead of pn'smtiiitr the forward ciirvatiire or moderate 
coiu-avity clianiclt'ri.stu* of pi-rfi-ct tci'th. Tlio antoriur margin, also, 
sliows an aci-urati' oullini', with auriciihitions at either an(;le, which 
may h.* attrilmtahU^ in part to wrar from the severe usage to which 
thr titth wt-re siihjected thn'in^ the life of their possessor. The 
harkwani curvature of the lines of ^Towth, which appear to he in- 
dicati «i l»y aUermitinp: helts shj^ditly varying' in density and hardness, 
are the same as ahove remarked in the maxilhiry form. 

It IS a sinj/ular, not to say extraordinary, eirenmstanee that none 
hut left -side individuals of the supposed maxillary form and right- 
side teeth of the mandihle exist in the eolleetions. which contain a 
score and a half of specimens in all conditions of preservation. 
Sup])osiiiLr the teeth to have heen ranu'ed in ilouhle rows upon the 
jaws, ilh* impinu'enient of individuals of opposite rows at their 
ohhijue articular inner horders ^nves to the transverse section a 
mirked oucavity, wliile the inheveled apparent ohlicjuity of the 
anterior and posterior maririns indicate a considerable fore and aft 
archinu' in the coronal contour of the series of maxillary teeth. The 
inilividuals of the opposed mandibular form, viewed in the same 
ndative i)o>itit)n, present contour diametrically opposite to those 
noleil in relation to the maxillary series, the transverse section of 
tlie double row >liowin«; a convexity conforming to the concavity of 
the opposed series, though the longitudinal arching of the series of 
the latter form was ]u-rceptibly Kss than that of the mandibular 
Series. The latter obsirvations apply to the small and medium size 
teeth, but in the lar;:e mature teeth the longitudinal convexity of 
the crown seeni> to be more pronounced, which would give to the 
series of teeth u])on the jaw a greater relative convexity from be- 
hind forwards. Ilowevor, it will have become apparent, that there 
is iiiiimate cornvsp mdence in the coronal contour and co-adapta- 
tion ot triturating surface in the two forms here associated under 
the same specific designation. An«l, however large the materials in 
our possession, it is hardly more than suggestive of the complete 
hist()ry of the s])ecies they represent. 

An im]>erl'ect tooth from the same formation at Grand Bapids, 
Michigan, kindly submitted to us for examimition by Prof. E. A. 
Strong, appears to be intimately allied to the present species. The 
si)ecimen is also a left-side tooth of the mandibular form, from 
which the enamel layer has been exfoliated, revealing a beautiful 
punctate surface cjuite in contrast to that usually prevalent in the 
teeth derived from Missouri and Illinois localities. The medullary 
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tubes are raised into crater-like prominences encircled by delicate 
radi, giving to the surface a beautiful stellate ornamentation very 
like that so commonly met with in the teeth of CoclJiodonts. The 
general outline agrees with that of typical examples, the posterior 
margin in the worn condition conforming to the bands of growth; 
but the coronal contour shows a greater fullness in the inner half, 
in which particular it bears greater resemblance to the Chester 
species Vsammoilus aiufularis, N. and W. However, similarly pre- 
served examples from Alton show a less regular concavity in the 
transverse profile and corresponding fullness in the inner half, ap- 
proximating the conditions observable in the Michigan example. It 
is much to be desired that larger materials from the latter quarter 
be obtained, in order to trace more definitely the characteristics of 
its piscine fauna and its relations to that of the southern and south- 
western areas of the same deposits. 

The maxillary tooth bears somewhat marked resemblance to the 
same form of teeth occurring in the Upper Burlington limestone, 
Psammodus Lovianus, but the associate mandibular teeth are quite 
different from those identified with the latter species, as will be 
manifest on comparison of the illustrations given of the two species. 
We regret the lack of material permitting detail comparison with 
the European species P.porosus, Agass., although little doubt is 
entertained respecting the specific distinctness of the above described 
forms. 

Geohgical positian and localities: Not uncommon in the St. Louis 
limestone ; St. Louis, Mo., Alton, and Monroe Co., 111., Grand Rapids, 
Michigan. 

PsAMMODUs c.i:lati's, St. J. and W. 

PL XVIII. Fig. 1. 

A fragment of a small tooth from the St. Louis formation at 
PeUa, offers so well-marked peculiarities that we have decided to 
notice it under the above designation. It is homologous with the 
form elsewhere referred to the upper jaw, and is distinguished from 
Psammodus plenus, of the same formation, by the concavity in the 
curvature of the outer border, the strongly produced postero-outer 
angle, more strongly inbeveled anterior basal wall, and the rugation 
of the coronal surface, which presents a \evy moderate longitudinal 
convexity and transversely depressed contour. The length of the 
tooth along the outer border between the acute posterior and the 
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sliarply nuiinli'il initeri.tr aiij^l' i.s about IL.") mm., the hasal rim 
somrwlijit rxpainliMl latrnilly and pnnliUHnl posteriorly, inereasinf;; the 
Kn^^tli of tlif honli-r to aliout 18 mm. The traiiHverse diameter 
across thi- i»)^tciior iiiarj^iii rxiitdcMl l:\ millimetres ; in consequence 
i'f tin* mutilation <»!' llu- innn* articular bonk-i* the itntin* hreadtli of 
tin- locili is n«»t >lin\\ii. Thr ]io>ttri«>r marj^in is somewhat deeply 
(•"'iiravj- in niitliii* . tht- antrritir txtn-mity was apparently gently 
, an-luMJ <ir iharly >traij,'lit, but it b«ars evi<lenees of wear by which 
it> outliiu' is ma<le t«) aj»jH'ar sliL'btly (-(mcave, the coronal margins 
Will «b!'nu«l rn»m thr basr. making a sH^ht an«rulation in front and 
inbiuil s]iari»ly dttininj: the iulnvebd inferinr basal faee- 

Tiio above drsi-nbed tooth is peculiar in outline, but the coronal 
sculpturin;,' n'StiubK-s that of Patunntnthis 'jiujitua, also P, reticidatus, 
N. and \V.. of tiie Chestrr limestone, althoujjh it cannot be con- 
fdiuidtd with eitiur of those species. The ru^a- show irregular dis- 
l)o.>ition, in whieh particular the tooth contrasts with the superficial 
ornamentation observed in individuals of the form referred to P. 
rnissilcN.^, while it represents a different form from that upon which 
the latter spt'cies was based. 

(.niiln,fir»i/ jHisiti'in ami Inrtiliti/: St. Louis formation, Pella, Iowa. 



TsAMMonrs ckassidkxs, St. J. and W. 
iM. win. rik'. -J-r,. 

I's.':.n,.'>'!'i.- f* •;..>■'..-. NF.wiiiKi.v .'iinl WuKTiiKN. Ivii;. Uliiioi'^ Gonl. Sun*.. IT, p. 108. PI. XI, 
f. :s. .\ a. Not. /', riii;.i>'.s. .\^,^•^•^'ii:^ 

Teeth attain laruc size, subrhomboidal in outline- Coronal surface 
ni')»b?ratily arclied from bihind forwards, somewhat steeply sloped 
in the n-n'ion of the anterior margin, with a distinct longitudinal 
median de])n'Ssion, bonb'rod on either side by a moderately promi- 
nent fold n)nn<led to the lateral borders, where the coronal enamel 
ir. more nr less distinctly defined from the basal portion of the 
tooth. Tlic outer iMirdi-r is ^'ently arched, rather sharply rounded 
into the anti-rinr margin, terminating posteriorly in an acute angle; 
anterior mar;jin Jil^o broadly arched frtmi the rounded outer angle 
t() the sul»acutc inner anji^le. i)rc.senting in unworn individuals a 
.■^harp ed;_'e inlVrit>ily inbeveled with the basal portion; posterior 
niar^'in clo-cly ivpeats the ctu'vature of the opposite extremity, 
sonietimes intcrrnjUed l>y undulations, and terminating in sharp 
anj^'les; the imier border conforms in a general way to the curva- 
ture of the opponito siilo, but toward the anterior extremity the 
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tooth IB laterally eipanded, divkliug the articular border by a more 
or less conBpicuous angulation into two distinct areas somewhat 
variable in extent. The basal portion of the tooth ia very deep, the 
outer border ciinsidei-ably expanded beyond tlie coronal fold, more 
or less produced at the posterior angle, and inbeveled below to the 
relatively redut-oil inferior surface ; inner face broadly channeled and 
interrupted by the before-mentioned angulation ; anterior face also 
excavated vertically and somewliat inbeveled from the planG of the 
coronal surface; posterior margin presenting a shallow vertical con- 
cavity, — the edges all round making an angle, except iilong the outer 
side, with the inferior surface, which latter shows a faint median 
ridge. The coronal surface presents a minute punctate strncture, 
the pores somewhat widely spaced, sometimes contluent, and enclosed 
in the usual vertical prisms. Toward the posterior margin there 
appear indications of transverse rugie. The basal walls are verti- 
cally and irregularly plicated, and perforated by the irregular pores 
and occasional alviolar cavities ; the abraded inferior surface shows 
delicate vermiculose markings, but in the perfect state it presents 
the usual dense, smooth layer, which also envelopes the walls of 
the base. A large-size perfect tooth measures across the posterior 
margin 82 mm., and about 25 mm. across the anterior extremity; 
length along inner border 45 mm. ; depth of tooth at the posterior 
margin 21 mm., and 20 mm. at the opposite extremity. 

The collections afford four or five examples of a form of teeth, 
which, in their coronal contour and general conformation, also in 
the details of their superficial structure, show unmistakable relation- 
ship with Psammmhs, although they present a type differing in cer- 
tain well-defined characteristics from the previously herein described 
species of the genus. The first authentic example of the form here 
alluded to is that described by Professor McUoy' under the name P. 
canalicultitns, from the mountain limestone of Trclitnd. The examples 
before us all belong to the same side, while that figured by Professor 
McCoy represents a tooth fn>m the opposite side. As in the pre- 
viously described foi-ms, the chiiriicter of the articuliir walls cleiirly 
indicate the paired arrangement of the teeth, — indeed in the instance 
of the Upper Burlington spedos, P. Spriiifffri. thu examplus kitui 
opposite rows are about equally i-epresented in the collections, and 
thu same may be said of the European species, P. poroBttn and P. 
ru(ioaus (sp. '}) of Agassiz. While this statement is true so far as it 
goes, and the fonn in question doubtless occupied a lateral position 
■British PaliDO/.uic FoNsili>, \Si&. |>. 613. PI. ;j U, t. 1^ 
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up(»ii tin- JMWs. \Vf liMv.' vi t to asiTitaiii tin- relative dispositiou of 
tin- individual tc rtli tin i<'up(»ii. Thi- ])«riilijir clmnicttT of the inner 
articuljir Imrdrr jii-niiii- i«f «*iiada|)t:iti()!i nt-ithtT with oi)positfS of 
tlu' sanu' furni. imr witli tlif t»th«T ft»rnis with thi* remains of which 
\\\r ]m>i'u{ nne i.s assneiatcil. ainl we are lift in doubt even as to 
till' i.M iieric icli iitity (»f llie latti-r. TIk- erescent-shaped outline of the 
inner arlieiilar tacis indii-ati' a coneMpondinj; convexity for the outer 
lii»rder «»i' the lutli of tin* eontij^'iiDus row aiiieulating with this 
form. Tin* space intfrveniu«; lutweiii opposite individuals of the 
t'»nin is lin«julat«' in shajn-. hut whrtlur it was occupied ]>y a sin^^Ie 
row of liiiL'nlatc ttitli. <»r that thist- wrre further subdivided can 
only be eonjceturcd. On tlu* otlnr hand, if the dental formula 
ascribed to the Uppi-r Hnrlinj;:ton spri'ii'S, P, Spr'nujeri, which seems 
to hv Will founded, attributinj,' to it a simple biserial arrangement, 
br regardrd as ty|)ical t>f the ^'cinis. tlu'U we should have in the 
prestiit lorm a new I'lenunt further (-(miplieating the dental formula 
to an rxtent which, if nut with in existinjj Myliodonts, might con- 
stitutr a ^li^tinctive feature of gencrie significance. ^Ye are, how- 
ever, fully cogjiizant <»r tlu- nuagerness of the data at this time 

posstssi'd, and would clearly discrim- 
inate bt'tween the facts themselves 
and that which they suggest with 
gri-ater or less degree of plausibility. 
The accompanying diagram repre- 
sents the simplest dental combina- 
tion of the form here particularly 
aUuded to. The lingulate teeth of 
the nu'dian row certainly oflfer strong 
resemblance to some of the generic 
forms with which Copodas cornutus, 
Agass., is associated ; but none such 
have been recognized in the present 
case. True, we have a form occur- 
ring in the same horizon with the 
l)resent species which is referable to 
till- latter group; but it clearly has 
no intimate relationship with the 
form in question. 
The few individuals mentioned 
rsnnuna'i'is rras.^;,/rn.<. jibovc as compHsing the sole repre- 
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sentatives of the present form occurring in the St. Louis limestone, 
vary considerably one from the other. The large, normally entire 
tooth in the collection of Mr. Van Home is supplemented from the 
same locality by a proportionately shorter tooth, which has the 
angulation of the inner articular border situated nearer the middle 
of the tooth instead of one-fourth the distance from the anterior 
extremity as in the specimen just mentioned, with which it exactly 
agrees in other particulars. A third example from the same locality, 
at Alton, offers still other differences, as in the obliquity of the 
anterior margin, the angulation of the inner border being crowded 
forward and merged with the inner lateral angle, the stronger develope- 
ment of the outer basal rim, and the prominent transverse ruga' 
that envelope the posterior two-thirds of the coronal surface, the 
anterior slope and the ridge parallel with the inner border being 
worn smooth, revealing the ordinary jjunctate structure noted in the 
above mentioned specimens. A smaller tooth derived from the same 
formation, at Telia, differs from the above in the very slight 
developement of the angulation in tlie articular bprder, which is 
situated about one-third the distance from the anterior angle; the 
coronal fold also shows a sharp angulation along the vertical inner 
border, but the opposite border is worn away, destroying every 
vestige of the prominent basal rim usually occurring along that side 
of the tooth, though the basal region is otherwise very like that 
described from normally preserved specimens. The coronal surface, 
however, is worn quite smooth, showing the ordinary puncta*. We 
are inclined to regard all of the above mentioned specimens as 
probably pertaining to one and the same species, the variable con- 
dition of the coronal surface being due to the effects of trituration, 
and the other peculiarities, as the position of the angulation in the 
inner border, such as may be attributed to individual variation. 
This inference, however, may appear inconsistent at tirst sight, but 
we have already observed marked variations in the same parts, as 
noted in individuals described under Psammodtis jjlcnus, of whose 
specific identity scarcely a doubt can arise. 

The specimen figured in PI. XI, f. 3, 3a, of Vol. II., 111. Geol. 
Survey, where the form is referred by Messrs. Newberry and Wor- 
then to Psammodtis rugosus, Agass., also represents a short tooth, 
in an almost perfect state of preservation, save the wearing away 
of a patch of the crown at the outer imterior angle. It presents a 
rhomboidal outline, the anterior margin gently curved forward, the 
deep basal portion inbeveled, the posterior margin correspondingly 
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rnrvi"! : tli*- ouU-r ImuiKt brn-.hlly uivIkmI, the basal portion project- 
in*; ill a iirniniiietit, thirk run In y«>ihl tlu- coronal limits, slightly 
]irMi|:ii'.Ml p.»ii.ri(irly. an-l inlii'Vrlftl to tin* iiifi-rior surface ; the inner 
JM.r.li r ]in -rnt"^ prrci>«ly tln' conf»»nii:itiun ohsrrveil in typical exain- 
pl«<. 1 xcM lit that tli<- anunhitiiin is plart'd forwanl.s a little less than 
ont.-iifth the •li>tant'e from tin- anterior an^le, distinctly deiining 
th«- aiit'.rinr artii'uhir fat-tt from the lon^' ]H)sti'rior articular surface. 
Tilt.' i.'«>roiial .-urfai't* is lon^^itudinally modfratcly arched, and trans- 
vi r-«ly dipros.sed, limits iif thi- i-nmn well delined at the sides, the 
inih-r riiliit' iircM.iilin^ the ahnipt face noticed in the above nien- 
tioncjl I'xample from iVlla ; tin* outi-r rid«xe also rises into a low 
amniiinaiioii ni-art-st the anterior ai;«:lf. The worn surface exposes 
thf usual mimiti- pnu'-tate strurtnre. but in the iu«»re depressed 
lK»rtinns whirh havi- ix-aped ahrasion, the transwrsi- ruga* are dis- 
(•iniiblt*, tlie same as notctl in oui- of tlie Alton specimens of a very 
elon;4atf tot»th. 

The ]»risi'iit ^p^•t■il•s difTt-rs e«|ually from that noticed from the 
Up]Kr IJiu-hn^ton h"mfst<nif. aiitl Psfimni'ttlus cttutilirttlaiuit, McCoy, 
of tlu- Irish Mt»imtaiu limestone: lielatively shorter than the latter, 
fn»m the forimr it may be distim:uisluMl by tlu- less prominent and 
more roumKMl contiuir of the coronal ridge along the outer border. 

(indn'fintl jHisitinH un(1 I'uuHt'na: St. Louis formation ; Alton, Ul. ; 
Ti'lla, Iowa. 



I'SAMMODIS A\(.iULARIS, N. aud W. 

IM. XTX. Fij,'. I.J. 

/'.-a III-, ".I".' n„ijii''t.i.<, Nj:\\i;i:i:i:v aii-l Win;Tiir.N. 1-m'ii;, III. Goul, Siirv. II, p. 107, PI. XI* 

I.J. J'. ■-'■■. 

I'.'iini f"s fnii-'is-jy Vir;i«— .. il'., |i, 1«'7. I'l. XI, f. 1, 1». I'l. 

Tilt" ab«»v<' de--i^nated sj)ecies was docriind from a nearly perfect 
rxamplr l»i-loi!LnnL( to thi- form pr'>vi>ionally rcfi-rred to the mandible. 
In oril«r t«» facililati* compariMUi xsith the forms described in pre- 
rudiii^ paj^'es, we vtiitun- to supplement the brief description above 
i'iui[ by a somewhat detailed not id* of the species, based upon the 
tuij^Inal i\jimj)l( and the tew additional specimens subsequently dis- 
(•o\« red in tlu- --ame liori/.oii whence the type wa^ derived. 

'\"\u' ^^ppoNl'd mandihulnr terth attain medium size, showing a 
lrapc/.oid:il oiitiiui*. Tlu" ct»rona] n-^^ion i> moderately and regularly 
areind fn»m lMliin<l forwards, gently dc^pressed ti'ansversely, with, 
however, a fnlln(!ss in the inner half or more of the area, which 
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amounta to ft sliglit convexity in tlie long diameter of the tcioth, the 
outor border liciny well ilt'iined by a narrow ridpo, separated from 
the coiivfs inner area by a fihallow, lungitndiiial depreBsion. The 
anterior margin is gently arched, with a Blight concavity near tin- 
inner angle and ronndi'd intn the outer liorder at the opposite angle, 
the inbt-veltid basal portion meeting in a sharp anglo with the coronal 
surface; posterior margin deisehbing approximately the Rame curv- 
ature, the crown defined by a sharp angle, the Hlightly-inbeveled 
basal portion channeled, the npper portion enveloped in a gluBsy, 
enamel layer; outer border gently arched, terminating posteriorly 
in a more or less produced spnr, the narrow coronal ridgr rounded 
to and well defined from the basal rim, which latter in not tiuf- 
liciently well-preserved to show its actual outline and magnitude. 
The inner border is nearly straight, with a slightly-oblique course 
forward and outward, and faint angulation near the anterior angle, 
the crown making a sharp angle with the channeled basal wall, and 
margined by a slight-impressed line, forming a narrow border en- 
circling the contiguous sides of the crown. The inferior surface, in 
the perfect state, showR irregular striato-pnnctation in the slightly- 
concave, longitudinal direction, with a slight elevation about one- 
third the distance from the inner border, where the tooth attains its 
maximum depth. The coronal surface is uniformly minutely punc- 
tate, plainly exhibiting the superficial structural features common to 
the congeneric forms. Transverse diameter across the posterior mar- 
gin, 2*.> mm. ; length along inner articular border, 17 mm. ; greatest 
depth of tooth, G.5 mm. 

Worn examples of the above described form show a greater trans- 
verse convexity of the coronal surface, while the edges are rounded, 
obliterating the narrow, impressed liorder mentioned above ; it is not 
improbable also the outer ridge may become nearly obsolete in sini- 
ilorly preserved specimens. The homologous form of the St. Lmiis 
Biwcies Fminmndus j)/«iiHi presents a striking contrast to the pres- 
ent t«eth, being proportionately longer, with loHs inbeveled posterior 
and anterior walls, and greater lateral convcsity of the coronal sur- 
face. Indeed, the nearest allied species at present knowii is that 
from the Upper Burlington, /'. Spriii-iiri, the corresponding form of 
which differs in the directly opiwsife direction of the obliquity of 
the inner articular border, greater length, and more produced pos- 
terior angle of the outer border. 

In accordance with the presumed homologicat relations of the va- 
riouB forms of teeth ascribed to the genus, the form pertaiuiug to 
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the uppt'i" jaw of the nljovo sj^rcios is ri'co^nized in the tc^eth which 
^^c'ssl■s. Niwhony aiiil W«»rthi'ii iilontified with Psammodus porrmis 
of Aji:is»^iz. Thosi' toeth are evi«leiitly most intimately related, so 
f:ir as may i»ti jnd«xe<l fnnn the similarity in the details of their sn- 
pfrlirial eorrnial stru(?ture, wliioh is, imleed, identical in l>oth of the 
forms. We are, tlicri'fore, convinced that they represent forms of 
ont* and tlu* same siucirs. pri'sentin^' the same combination of den- 
tal appanitus t>hserved in the several species described in the fore- 
<r«>inir ])a^'es. 

Tlic latter form is distin^'iiishetl by its transversely elongate tra- 
pi'/.oidal outline, the course of the lateral borders, and general con- 
tour of the ciu*onal rejzion intimately rei»erttinjz those parts as observed 
in Vaummiulnn jtlrnua.ot the St. Louis foimation. The inner border, 
which is similarly marked by a sli<^dit angulation a little in advance 
of the middle, shows a distinct truncation of the posterior angle 
with a narrow articular facet. In the character of the anterior and 
imsterior marpns, also, intimate resemblances are noticeable with the 
above si)ecies. P>ut the examples of the present form are apprecia- 
bly of Ki'cater depth and more solid or massive proportions, and the 
puncta- of till' e<ironal surface are also perceptibly firmer and more 
numerous even than remarked in the corresponding teeth of P. 
jilvnn.^. A mature tooth mi^-isures in greatest transverse diameter 
a<'ross till' inner mar^^'in 39 mm. : length along inner border 23 mm. ; 
i^reatest depth of tooth 10 mm. 

Tojzether with the associate form, both forms occurring in the 
samr horizon, the s]iccies is readily distin^mished from that with 
which it has already been compared, and of which it is an interest- 
in^^ example of a repn-sentative species. As regards their relations 
with the l"iUni))ean teeth originally described by Trofessor Agassiznnder 
the name of 7*x(n;///<(*f////f jtoroiHtii, we deem it hardly probable that 
that K}H'cies is so variable as to include the present forms. 

( nnUtt ileal pimthnt mul hiritHhf: (.'liester limestoni'; Chester, Illinois. 

TsAMMoDi's KKTicn.ATrs, X. and W. 

n. xix.Fiff. :{.5. 

/\<iinnint>iiis iffirnfntns.Si.ww'EiMiY Qinl Wojn'm;N. IWiJ, ni. (Jco. Sur., II, p. IW, PL XI, 

f. Ti, .'lii. 

Ik'sides the ty])e specimen, the collections from the same horizon 
whence that was derived contain other imperfect examples, appar- 
ently repn-sei it iiijj: the two forms ahcribed to the upper and the lower 
jaws, which are believed to be speciiically identical with the tooth 
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ori*(inally noticed by Messrs. Newberry and Wortben. Tbc original 
specimen is probably Ibat of an iiuiiiature tootb which had not 
been brought into use prior to the destruction of its possessor, and 
it is owing to this fact that it presents merely the coronal crest or 
shell entirely detached from tbe base, wliich was of a coarse porous 
structure and less solidified than the layer more strictly pertaining 
to the coronal region; also to the same state of things is doubtless 
attributable the very perfect state of preservation of the rugose 
ornamentation, which in this in&tance occupies the entire coronal 
8urfa(*e. Fragments of teeth identical in contour and ornamentation 
are readily identified with the above specimen ; but others bearing 
unmistakable evidence of excessive abrasion while hi use, present a 
nearly plane coronal surface with only traces of the rugiv remaining 
in tlie more depressed portions of the surface. The latter, from the 
general outline, apparent original contour, and the posteriorly gently 
convex course of the transverse depressions which also correspond 
with the lines of growth, strongly indicate their identity with the 
original specimen, and it is with the aid of these maturer examples 
that the outline of the form may be more definitely sketched, the 
type specimen being imperfect at either lateral border. 

The type example is probably a representative of the foim pro- 
visionally identified with the upper jaw. The teeth attain medium 
size, quadrilatei'al in outline. In more or less woni specimens, the 
usual condition of the examples that have been found, the coronal 
region presents a moderate longitudinal convexity, and a slight 
transverse concavity, in which direction the surface shows a more 
or less distinct undulatioQ, the plane posterior slope preserving 
traces of the original rugose ornamentation. The coronal surface 
of unworn teeth, like the type specimen of the form, shows a rather 
strongly arched contour from behind forward, produced by a con- 
spicuous transverse ridge, from which the surface gently slopes 
r with slight concavity to the anterior margin, more steeply sloped 
behind to a slight impressed angle, whence the surface presents a 
nearly plane area of variable width, terminating hi the posterior 
margin, and irregularly undulated longitudinally; the crest of the 
transverse ridge is gently sagged throughout the greater part of its 
extent, and on nearing the outer ( ?) border it is somewhat steeply 
sloped into what appears to have formed a shallow, narrow depres- 
sion just within the outer coronal fold; even in worn examples the 
latter conformation of the coronal surface is more or less discern- 
ible, but the hiner border is angularly rounded to the nearly ver- 
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tical jirticiilai" wall, which bitter sliows a slight concavity between 
the an*,'los, tlu* anterior an^'le distinctly truncated for the narrow 
()hli(Hie artifuhir facet. Anterior and ])Osterior margins parallel, 
nearly strai«,'ht, or gtMitly arched forward with a slight concavity 
toward the inner angle in front, and a corresponding convexity in 
the posterior marj^in. inheveled to the basal portion, which was of 
proportionate vertical depth. The basal support of the borders is 
not ])reservod. The surface of unworn teeth exhibits an exceedingly 
intricate reticulated ornamentation, produced by the rugjr occupying 
the interspaces between the puncta-, the prevalent continuity having 
a transverse direction ; on the other hand, worn surfaces show 
rather coarse, crowded i)unctie, continent in the depressed transverse 
belts. Lateral diaiiTeter of a medium-size smooth tooth across the 
posterior niar^'in, 87 mm. ; length along inner border, 22 mm. ; 
depth of tt»oth, at least s mm. 

Professor Worthen has obtained from the same deposits, and 
associated with the fia'ogoing teeth, a single imperfect example of a 
tooth which may prove to be identical with the opposed mandibular 
form of the present species. It shows a medium size tooth, quadri- 
lateral in outline, the worn anterior margin slightly arcuate, though 
oriirinally lu'ohably gently arched, corresponding approximately with 
the moderate concavity of the posterior margin, inner border making 
nearly a right-tnigle with the margins, posterior angle truncated, 
with a rather ])rominent angulation about one-third the distance 
forward; outer border unknown. The crown is well defined all 
rniiiid from the deep, slightly excavated basal walls, which are in- 
beveled— strongly so along the anterior margin. The latter feature 
accords with the rather marked convexity of the coronal region from 
behind forward, givin-,' to the series of tetjth a strongly rolled longi- 
tudinjil srction. the surface showing a faint transverse furrow in the 
anltrior half, where, as also in the sloi)e bordering the posterior 
inarLrin, the surfa«-i- presents the same rugo.se ornamentation de- % 
serilH'd in cnnnection with the previously mentioned form, the more 
expose.l parts .showing a smooth, densely punctate surface. The 
c<»ronal area is nearly plane, or faintly depressed transversely, with 
a sli«^ht dejuvssion parallel with the outer border, and showing a 
fullness somewhat contrasting with the opposed maxillary form. 
Transverse diameter at the ])osterior margin, at least 40 mm. ; length 
of inmr Ijorder, 'I'l mm.; vertical depth of tooth, at least 10 mm. 

Wliiic* the ])nvionsly noticed maxillary form hardly requires de- 
tail comparison with the homologous form of Pmmmodtu angularis 
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occurring iii the same deposits, it possesses characters of a mnch 
more iutimate .nature in common with the same form of P, grandis 
of the Keokuk limestone. But besides its much smaller size, the 
mandibular form departs widely from that of the Keokuk species, as 
will bo apparent on comparing the coronal contour of the two spe- 
cies, as shown in the illustrations. The mandibular tooth bears 
some resemblance to the maxillary form of P. angularis, but besides 
its rugose ornamentation, the punctflB exposed in *the worn surfaces 
are perceptibly coarser and more crowded than observed in that 
species, which shows a uniformly minutely punctate surface, the 
punctsB being rather widely spaced. 
Geological position and locality: Chester limestone, Chester, Illinois. 



Genus COPODUS, Agassiz. 

Copodna, Aqassiz. MSS., 1859. (Paammodus cotiuUhs, Afiross.. 1838, PoisRons Fossiles. 
tome III. p. 174: Catalogue of Type Specimens of Fossil Fishes in the Museum of the 
Earl of Enniskillen at Florenoe Court. Ireland, Gaol. Mas. YI. 18C9; Dr. John J- 
BlfiTsby. 1878; Thesaurus Devonico—Carbonif eras; etc. 

Teeth bilaterally symmetrical, spanning the jaw 
without mesial suture, arranged in a single hmgi- 
tudinal series from behind forwards. Lateral bor- 
ders gradually converging anteriorly, where they 
make an obtuse angle with the convex anterior 
margin, posteriorly produced into an acute angle 
meeting the lateral extremities of the concave pos- 
terior margin. Coronal region slightly arched longi- 
tudinally and laterally, distinctly defined from the 
base. The lateral borders of the base fonn a more 
or 1(?8S promment rim projecting beyond the coronal 
limits, beveled or rounded inferiorly and more or 

OKNUS COPODUS. _ -, . , i , i i i i mi 

Maxillary form. less produced at tlic postero-lateral angles, iiie 

Fit?, a. Trituratine ^ 

^"Ffg.^?; Transverse i^'^terior and posterior walls vertical to the plane of 
margfn. ^'"'"^^ *""'''' the crown surface and channeled. Inferior surface 
naWpfofiio. ^^^ ^" ' regularly arched transversely, and gently concave 
longitudinally in conformity with the arched coronal contour, the 
tooth attaining maximum depth along the mesial line at the poste- 
rior margin. The crown may present a lunate depression extending 
a greater or less distance backward from the anterior margin and 
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«'f v;irI:iM»- tlrpTli, wl.i.'h i-i .iiii- t.i :iiira?i«»ii while in use. The 
^•■'r«»ii;il hMrf;ifr i- tii\i Imj,, -1 in a tJjiii hivt-r nf eiiaiiifl. beneath 
\\hi'li :i.-- :il.-i» ill til'- \Vi»rii an a-^ the i)unetate structurt' is clearly 
(\\-rt riiihlf, tlif ]»:iii«-t;i iiirli»>t'l in vi-rti«-jil pri>nis, as alM» oh>erveil 
iri iiluTiiiii t«» ti;«' >iip> rri«i;ii >tnn-tura] features t»f V*amm*nlu4. 

'I |j«- I'»ri'U'«»i!iL' 'liaLMi'^M-i applie-* to a f«ii'm whieh, from the m«Hler- 
;it«- aiit«r'>.jH.^t» ri-r •■••ii\f.\ily nf tlie iri»wn, ami whieh was com- 
mmiirjit. -I ti« tile s» ri« - nf tn-lh. e\ iJmtly pertains to the maxillary. 
A--«»ciat(-«l with th«- :iln»vi- f.'rni. Mr. VanII«»rne has discovereil a 
tr-iL'm«]it of :i t«"»th. exhihitin..' jireciselv the same structimil feat- 
ure-k aliovi- ipitirrl, wiiich wt- are I* •! to re^'anl as the representa- 
tive iif the «ip|)(i-i'l fiinn hel'iiLrin*: t«> the lower jaw. 

The latter or mandihular form, in a general 

way atireein^ in outline with the maxillary teeth, 

i^ <li>linLMiishe(l l»y its relatively greater trans- 

vers«* <li;niieter as eom]mre<l to the length, strongly 

V — an'h»-il luiii;itu«linHlly, with a narrow depressed 

helt i)arM]lel with the lateral borders of the 
/ erown which form a slij^'htly upraised fold, be- 

yond which the hasal horder extends in a prom- 
ini lit rim. The anterior and posterior walls of 
the I'ji.se, as al-i»> the inferior surface enveloped 
in tlie dense layer i)rotecting the coarser cellular 
struetnre eomposinj: the greater portion of its 
f'x ;. thifkne^s, are i>re(isely as (d)served in the above 

./ '\_ "•-. dr«ril»cd form of the upper jaw. 

^ / \ . Tlie la^t noticed form is comparable to the 

.. /.'":""l'^- teetli to which Professor Agassiz gave the name 

iij:. 'i.Tiit.ii.itinu^m- /,///im////x. of which two species are mdicated, nz., 

I lu'. '. Tr.in-v. r— pi"- /.. iit'nt'itinnis, A«j:ass., and L. planus, Agass., 

till- fr-'tn iiiii-r iii-irtrui. ^ '. ' .-i- ^ #ti i-rfci* 

I m'. .. i...ii;;itii.iii.ai froni tlic HiountMin limestone of Ireland. But m 

tin- piisciit instMiicf nil the facts mctu to ])oint to generic identity 
with tin- Ih-^t descrilnMl form, which is unmistakiihly congeneric with 
tin- trtili (]e>iL'natrd l»y Profi-ssor Ajjassiz under the above generic 
appellaticm. As to tin* lioinol(\Ljical relations of the two forms al- 
luded to al»o\c, to l»ri(l1y recapitulate : —The shght longitudinal 
c(mve\itv of tlie iir^t descrilu'd form, indicating for the series of 
tecili associate.! in the ^Mlne row a very moderately arched longi- 
Indiiial contour; and in the ca>c of the latter form the strong con- 
vexity of the crown fn)in l)ehiiid forwards, indicating a corresponding 
stronu'lv rolled outline for the serie*^ of two or more individaalB* Jn 
both iih^tances constitute cliara<-ters consonant with what aetiullj 
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obtains in forms of teeth of opposite jaws of Tertiary and existing 
Myliodonts. 

The affinities of the Copodi are certainly with the Myliodonts, the 
single row of teeth, spanning the jaws like paving flags, finding 41 
somewhat intimate repetition in the still existing genus Aetobatis. 
There are, however, other characters that offer marked contrasts in 
contradistinction of the ancient and the latter modem representa- 
tive, and which probably should be interpreted as possessing an 
importance even of greater consequence than generic. The charac- 
teristics possessed in common with the genus Fsammodus, Agass., 
show unmistakable family relationship with the latter, while structur- 
ally and in the character of the basal portion of the teeth there is 
even striking contrast to the features noted in typical Myliodonts. 
We are, therefore, of the opinion that the family distinctions of the 
Palaeozoic teeth here alluded to are paramount and should be so 
recognized; hence the family designation Psammodont'uUey which was 
bestowed by Dr. de Koninck on this group of ancient selachian re- 
mains, is here adopted. 

The genus appears to Ijc restricted to the earlier groups of Car- 
boniferous formations both in Europe and America. 



CopoDus Van Hornii, St. J. and W. 

PI. XX. Fig. 12, 3. 

Teeth representing the forms pertaining respectively to the upper 
and the lower jaws, and which attain medium size. 

Maxillary teeth Ungulate in outline, very gently arched from 
within outward. Lateral borders nearly straight, gradually con- 
verging and angularly rounded into the anterior margin, posteriorly 
terminating in a produced spur, the basal portion projecting in a 
widish rim beyond the coronal limits, inferiorly inbeveled and 
rounded to the inferior surface ; anterior margin regularly and mod- 
erately arched, the coronal band forming a coping constituting one- 
fourth or one-third of the depth, and well defined from the exca- 
vated basal portion ; the posterior margin approximately conforms 
to the curvature of the opposite margin, and is similarly marked, 
the channeled basal portion in both instances irregularly vertically 
pitted. The coronal region is moderately arched transversely, tlat- 
tened along the median line, with a lunate depressed triturating 
area laaching back from the anterior margin a greater or less dis- 
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'.II. \ I- ;-*ij. 'ii- |'-:ii"Vi Mii'l t1]i lii licati- ri;^«>-»- nniamt-ntation of the 
• : . ri.' : ;.:■.• r :«;.'!••• iij-.' \viti: t].« -iirfrct ap])« aran^'trs noted in the 
« ;.}. -■ 1 \"vni : t'.'\;rrj.- :li» j-ir-t. rim- iiiarrjin th*- surface shows dis- 
t..ri'-t ..i:> ' '»f "i-iv.'li. iFi;ikiiitr a l»roa<l arch i»ai-kward, and deflected 
fill i.^nt'.u'.' :li' hiN ml hr.i.|. rs. Imt wliicli iloi-s not necessarily indi- 
/•:i!. ti.. 'i!,Mii.' of tjji- jiM.,t. ri'»r iiiariiiii. wliich doubtless in the 
J). 1 1« '•!. *ii'' i-i»"-«!it' :r fni:ravity ciirn'SjiMihliiiir to the convex out- 
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line of the anterior margin. Inferior surface moderately concave 
longitudinally, and quite strongly arched transversely, meeting at 
the median line in an obtuse angle, the dense surface layer longi- 
tudinally striated. Transverse diameter across posterior margin at 
least 22 mm. ; length along the median line probably 12 mm. ; 
greatest depth of tooth 6 mm. 

The form first mentioned above, and which is regarded as hav- 
ing belonged to the upper jaw, presents as typical an example of 
the genus, as does Copodus comutm of Agassiz. It is distinguished 
from that form by the more regularly arched outline of the anterior 
margin and the transverse convexity of the crown -surface, in the 
latter respect bearing greater resemblance to C. spatulatus, Agass., 
from wliich, however, it is distinguishable by the more constant pos- 
terior expansion of the borders of the crown proper. 

The form pertaining to the mandible bears a striking resemblance 
to the teeth designated under the generic tenn LaboduSj Agass., and 
which may well be supposed to be homologous with the present 
form. It differs markedly from the typical species indicated by 
Professor Agassiz, L. prototypusy from the Irish Mountain limestone, 
in the relatively great transverse convexity of the coronal surface. 

The discovery of the above species adds another name to the 
long Ust of genera common to the Lower Carboniferous fonnations 
of the Old and New Worlds. The specific designation is given in 
honor of W. C. Van Home, Esq. 

Oeological position and localities : St. Louis limestone ; St. Louis, 
Mo., and Alton, 111. 



CoPODUs pusiLLUS, St. J. and W. 

PL XX. Fig. 1. 

Teeth very small. Form pertaining to the upper jaw subrhom- 
boidal in outline, lateral borders very gradually converging and 
somewhat sharply rounded into the slightly arched anterior margin, 
the worn tooth showing the posterior margin also broadly arched 
backward. The coronal region is gently and about equally arched 
in both directions, with a faint narrow depression near the lateral 
borders, which latter are bordered by ,a narrow fold beveled to and 
distinctly defined from the basal rim; in front the coronal belt 
forms a narrow lenticular strip inbeveled to the channeled basal 
wall, and above the usual lunate triturating area. The coronal 
surface was enveloped in a dense enamel layer marked by faint 
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l<ni«fifinliiit\l niu;i',"aii(l sliowing lM»neath tlie vertical prismatic struc- 
ture and ])unct;i'. tin* latter miimtely ami closely pitting the worn 
areas in front; the rrown also shows the broadly arched lines of 
gr(»\Nth to wliic-h th«* ])4)sterior margin in worn individuals more or 
li'ss conforms, 'llie l>a^al portion of the tooth is not known. 
Transvtrse diameter of to(»th aeross the po8teri(»r margin At least 
mm ; h'li^'th alom: nu ilian line 7.;") mm. 

The ahovt' descrilnMJ sju'cifs is n] presented by a unique example 
discovered hy I)r. Georjje IJambach, showin*^ nearly the entire coro- 
nal area, but the basal portion is destroyed, and the posterior 
nnuyin worn e\en witli tlie broadlv arched curvature of the lines of 
growth. The p«>st<ro-lattral eornua arc also absent from the same 
cause; (»thcrwise the specimen clearly dis])lays its distinctive 
peeuliaritie^. Compared with the precedhig species from the St. 
Louis limestone. C'ojtotlus \'an Ilorniiy the present fonn is dis- 
tin^^uished by its more angular outline, the lateral borders much 
less rapidly converiiing anteriorly, and perhaps the more uniform 
convcxitv of the coronal surface. The specimen somewhat resem- 
bles certain Huiiis from the Irish Lower Carboniferous deposits 
referred by ^rofe^^or Agas^iz to the intimately allied genus Pinnae- 
(hIus : but if wc correctly iuter])ret the distinctive peculiarities of the 
latter geuu^. the pre-ii-nt tooth ditfers in not possessing the emar- 
ginated ant«'ri'M- luargin which characterizes that genus, as 
repre>-ciited by the typical form I\ ifonoplax. Agass. 

(ivnhui'ii'al pn.>iitinn (i)id l<H-tiJitif : Chester limestone ; Chester, Dl. 
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ICHTHYODORULITES, 



Gexus CTENACANTIIUS, AKassiz. 

Ctenacanthus Coxianus, St. J. and W. 

PI. XXI. Fig. 1. 

Dorsal spines attain large size, somewhat rapidly taperinji:, later- 
ally compressed, presenting a wedge-shaped transverse section, mod- 
erately arched, and apparently Imt moderately inclined backward 
judging from the slight obliquity of the line of insertion as shown 
in the example before us. Anterior edge sharply roimded and occu- 
pied by a single carina internipted by strong transverse ridges; 
lateral surfaces slightly convex, occupied by prominent cost», iiat- 
tened along their crests, and separated by deep, narrow sulci, in- 
creasing by occasional bifurcation, and ornamented by irregular 
transverse ridges, which present an abrupt declivity above and a 
more gentle convexity below, apparently smooth. Posterior face 
unknown. Pulp cavity apparently occupying less than half the 
antero-posterior diameter, and situated entirely within the posterior 
half of the spine. The specimen described attained a length of at 
least 150 millimetres ; antero-posterior diameter at line of insertion 
probably 45 mm. ; lateral diameter at same point 14 mm. 

The above described species is recognized from a fragment of a 
large spine, which shows a length of 90 millimetres, including part 
of the base showing the line of insertion from which the compara- 
tively erect position in the fish's back is inferred. Its relations are 
most intimate with Ctenacanthus Mayi, N. and W., of the Upper 
Burlington limestone, and the fish to which it belonged was a repre- 
sentative species of that to which C. Mayi pertained. These two 
spines are almost (exactly of the same proportions and form. The 
Keokuk specimen is, however, somewhat more robust, and is further 
distinguishable by the greater width and depth of the intercostal 
sulci and relatively narrower costa;; the transverse carina* or nodes 
along the anterior ridge are also narrower and less tumid, the costi^ 
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more fivqut-ntly lufnreatf. pivsontinj; less hrosid, tltit surfac^es toward 
tin- l);is«». Mini tlic pulp «-;ivity apparently has •greater extent toward 
tlie rxtreniity than is the east- in C. Mut^i. The posterior wall of 
tlie spin«' is ilestroyed, revralin^' the drep furrow of the pulp cavity 
thi- «-iitiiv U-HL'th of thr fra.LMiient and which was probably closed to 
the Hiif i»f insi-rtioii. In (\ Mtiifi the posterior face was simply 
cliann* led ami I "ordered by the hiteral tlaii«;es, which show traces of 
tlic ])c)Mi.Tior denticles, also that the lateral surfaces bore lon<ritud- 
iiial costa (juite to the posterior edjjes. 

The unique example described was discovered by Mr. L. A. Cox, 
of Keokuk, in whose hcmor the tspeciis is dedicated. 

(ii'ttlti/h'til posit'mn aihl I'tralifff: Keokuk limestone; excavations 
for the (ioverimient canal round tlu* Keokuk ra])ids, near Montrose, 
Iowa. 

CTKNACANTHrs Dei'lexl-s, St. J. auc^ W. 

PI. X MI. Fit:. 1. 

Fin spine of nietlium size, laterally coiupressed, moderately arched 
alonvr the anterior edije, the posteri«»r face relatively strongly con- 
cave, the spine uniformly expandintr presentin*^ a great bi*eadth at 
the dor^il lin»', and indieatinji a very recumbent position. The 
lateral surfaces v» ry «:radually convei^re, with slight convexity, from 
tlie poslero-lateral angles forward, where they are regularly rounded 
into the anterior ed'Xe; tlie posterior face, in the somewhat abraded 
specinii'n, is ala-uptly truncated, with indications of a low longi- 
tu<linal keel, the anixular lateral etl*ies bearinij a row of minute, 
vertically conii)re»ed denticles which are s])ace<l by about their own 
diameter. The co^?tatioii of the lateral surfaces is quite regular, the 
ridj^vs ro*;ularly diminishing: in size posteriorly, and simply convex, 
sei)arated l>y a narrow impressed line, increasing by bifurcation 
which mucli more freqneiitly (»ccurs immediately along the dorsal 
line, lievoml wliidi the attenuate*! basal walls project in a narrow 
Ix^nler from a point just alKAi- the inferior an^de of the posterior 
face. Tlie anterior ed^'e is occupied by a comparatively wide ridge, 
wliii'h at iiiiervaU sends otf lateral ridj:;es. The i-ntire exposed sur- 
fact; is densely ciijwdeil with the costal tubercles, which form irreg- 
ular subcunical pronnnences with vertically plicated or carinated 
si<les, producing a stellate appearance, antl which are even more 
crowded tiiaii rci)resented in thi; full-size illustration. Along the 
worn anterior (mI^'c, where any remains of the costte are visible. 
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they have a pectinated appearance at their ed^es, in token of the 
tubercles originally ornamenting their crests. They are so crowded 
npon the costae as to compel an ulteniate disposition; in the an- 
terior portion they are crowded veriically, but over the greater por- 
tion of the surface they are spaced by about their own diameter. 
The pulp cavity is relatively large at the inferior angle of the i)08- 
terior face, beneath which it first opens out, exposing the deep 
trough-like excavation extending thence to the proximal extremity, 
but rapidly diminishing above where it is filled by the peculiar dep- 
osition of dense matter analogous to the inferior homogeneous layer 
met with in the associated teeth of Coehliodonts, the 50 or CO mili- 
metres of the distal extremity being solid, 

Mr. Butters has obtained from the St. Louis formation a single 
representative of the above described species, representing a spine 
20 to 25 centimetrcjs in length, of which the posterior face consti- 
tuted half, little more or less. Unfortunately, the specimen was 
much mutilated in freeing it from the limestone matrix, both 
extremities being broken, and preserving a lengtli of about 15 cen- 
timetres of the middle portion of the spine. It is a fine representa- 
tive of a peculiar form of ichthyodorulitc, of which several examples 
are known, and which is distinguishe*! by the great fore and aft 
extent of the doraal line and corresponding breadth of the inserted 
basal portion. In the foregoing description, allusion was made, in 
connection with th(^ latter character, to the probable recumbent 
position the spine occui)ied in the creature's back; but this, after 
all, may not necessarily indicate unusual recumbency in view of the 
fact that, in certain living sharks, the integuments are built u]) 
about the bases of the spines, formhig low, laterally compressed 
prominences from which their tips protrude, as is the case in Cestra- 
don. We hesitate, however, in recognizing this feature as possessing 
generic importance in contradistinction to the narrow, more regu- 
larly and gradually tapering spines with which the latter have been 
generically associated. 

The specific relations of the present specimen with previously 
described spines are perhaps most intimate with the Kinderhook 
species, Ctenacanihns speciosus, St. J. and W., and C spectahilis, 
St. J. and W. Its distinguishing features, however, are so pro- 
nounced as not to require detailed comparison. 

GenloijU-al position and locnlitjf: St. Louis limestone; Alton, 111. 
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CTKXACANTiirs ilAURis«)Ni, St. J. and W. 

1*1. XXIII. FiK. 1. 

Tho ((^IliH'tioii from tlie St. I.ouis formation contain an example 
of a hu\ic sj)iiio wlii<-li is ajipjiri-ntly intimately allied to the last 
prrc'i'diii;,' siH'cics, ('tnttu'dntlnni ilrflcnttt, hut which presents Certain 
wrll-markcd ])c«-uliaritii's at varian<T with the distinctive features of 
that sjuM-ics. Thfsc ditTcrcnccs do not appear to he such as mi(;ht 
he attrilmtahle to a«;e. aiul o]i the whole we are inclined to regard 
tlu'ui as heiuu nf spfi-ilic importance. 

The specimen under consideration sh«uvs the greater part of a 
spine which prohably attaiiieil a len.L'th of between 20 and 25 centi- 
metres, ami it apparently belonged to the broad-based type of which 
the preceding species constitutes a tyjiical rcjm'Fentative. Present- 
ing about the same degree of curvature along the dorsal edge, it 
more gradusilly tapers, anil the transverse section is less compressed 
laterally, approaching nearer a triangular outline than is the case 
in the former species, which, however, it resembles in the solid tip 
and comparatively limited extent of the closed pulp cavity. The 
spi'cimen is much w<u-n, but not sutticient to obliterate the limits of 
the dorsal line, the in)sition of which is indicated by a symmetrical 
undulation in the abradid surface extending at a sharp angle back- 
ward and upward from the inferit)r dorsal angle; the posterior edges 
of the lateral walls are also evidently rounded by abrasion, so that 
it is ditiieult to make a satisfactory restoration of the outline of 
these ed'iies that will accord with the known fiu'm of the corresiiond- 
ing ]>orti«ni of the s]H'cies with which the present spine is especially 
cumi)ared. AIoul' the dorsal edge, which is l)roadly rounded into 
the moilerutely convex sides, several rows of densely tuberculated 
cost;e are still retained in a very j^erfect state of preservation, 
showing the transversely compresse<l tuber<'les with abrupt declivity 
abov(? and steej) slope below, delicately sculptured by vertical or 
nrtliatiuL^ c.irina-, the tubi-rck's spaced by about their own diameter 
Vertically and those of one row separated from the contiguous row 
bv a mere line: over the remainder of the surface the costae are 
obsolete. The posterior fact? is quite convex, with a low, rounded 
median angulation, and, in the specimen, sharply rounded into the 
lateral surfaces; there remains not a vestige of denticles along the 
posterolateral angles. The posterior wall of the pulp cavity has 
been broken away, -it originally extended a distance of at least 7 
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or 8 centimetres from the tip before it opened out in the deep, 
trough-hke excavation that extends thence to the proximal ex- 
tremity. 

As has already been remarked, tlie specimen described may prove 
to be specifically identical with that noticed under the head of 
Ctcuacanthm dfflami^. But tins relation ^liip can be satisfactorily 
determined only from the examination of additional materials, both 
forms being at the present time known from uniciiie and imperfect 
examples. The specimen here referred to was obtained by Mr. 
George B. Harrison, of Bloomington, to whom we are also indebted 
for other interesting contributions. 

Geological jm&ition and locality: St. Louis limestone ; Alton, Illi- 
nois. 

Ctenaoanthus rELLEN'sia, St. J. and W. 

n. XXI. Fiff. J 

The collection of Mr, Van Home contains a fragment of a medium- 
sized spine of a species not hitherto noticed. The specimen pre- 
serves a length of about 15 millimetres apparently from near the 
dorsal line, and from the high opening of the pulp cavity and other 
characters to be noticed further on. it would setni to belong to the 
section of Ctenacanthi characterized by the great extent of the dorsal 
line. The fragment indicates a thick, gradually tapering form, obtuse 
wedge-shaped in cross section, the posterior side deeply excavated 
by the open trough of the pulp cavity, which is defhied by the bev- 
eled edges of the postero-lateral angles. Lateral surfaces gently 
convex, somewhat sharply arched into the rounded or subangular 
anterior edge. The surface ornamentation is very intricate and ele- 
gant, consisting of numerous delicate longitudinal costic more or 
less regularly diminishing in size from the anterior edge, more fre- 
quently bifurcated and deflected on noaring the postero-lateral angles 
where they cease at the exterior beveled edge; in front the costa^ 
present plain, rounded enamelud crests si)aced by narrower inter- 
vening sulci, their lateral edges studtled with delicate downward 
curved transverse carina? or tubercles; the third rib from the dorsal 
edge shows more or less distinct undulations, and the fifth lib is 
surmounted by small stellate tubercles more or less variable in the 
details of surface sculpture and disposition, their apices directed 
upward, and which apparently extend over the entire posterior flank 
of the lateral surfaces. 
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The spino uiuKr consideration is, perhaps, less intimately allied 
to Ctenaninthus //cm/fui/fM, St. J. and W., than with C deflexun 
he rt-iii described. l)oth from the same fonnation. In certain features 
of surface ornamentation it resemltles the former, but in general 
form it is apparently allied to the latter; while in the details of 
ornamentation it possesses features readily distinguishing it from 
the descrihed species of the genus. The fragment here alluded to 
is a rare acquisition at the locality where it was found, which has 
thus far afforded very few specimens of ichthyodorulites. 

Gtolihjiral position and loctditif: St. Louis formation, calcareous 
shales; Pella. Iowa. 



Ctexacanthis (iUAciLLiMUs, N. aud W. 

IM. XXIV. riii. 1. 

Cl»*ntirauthiis ijnuil'iiiiujt, NEwiiF.r.iiY and Woktren. 1866. III. Geol. Survey, It. p. 12S. 
PI. Xlll.f.X 

f.fptiunutKnsyoc''itifntalif, Newhebry (ind Wobthen. IMJC. ib.. II. p. 116, PI. XXX. f. 2. 

Artnul!f'iicanfh'i:t orridt'titalis, St. John* and WoBTlIES. IKTS, lb.. VI, p. 433. 

The above species is, perhaps, the most frequently met with of 
all the ichthyodorulites occurring in the ISt. Louis formation. The 
fine example now ilhistrated, and which was kindly loaned us for 
examination by Dr. Georj^e ilambach, belongs to the Shumard col- 
lection in Washington University at St. Louis, and is unquestionably 
the liiu'st specimen of the species as yet discovered. 

Tt is interesting to note the wide distribution of this ichthyodorulite. 
We have been favored with the loan of a specimen from equivalent 
deposits at Grand Eapids, Mi(hi«ran, by Prof. E. A. Strong, which 
undoubtedly is identical with the present species. 

The iin-spine originally described under the name LeptacanthuM? 
orndvntulis, N. ami W., and subsequently referred by the authors 
to the genus Acondifhicanthua, we are all but convinced is not spe- 
cilioally distinct from the above species. The latter spines are 
(loubtl(^ss the worn upper portion of that species, in which the 
tiiberculation of the anterior or dorsal keel and the first few lateral 
costa; are obsolete: the costaj themselves and the character of the 
posterior denticles are undistinguisliable from that obtained in the 
two line examples of Ct. *jraciirnnuti, above particularly referred to. 

(haJofjirfil poaitiou and localitii'a: St. Louis fonnation; St. Loais, 
Missouri, Alton. Illinois, Grand Kapids, Michigan. 
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Ctenacanthub CANSALiiiATus, St, J. and W. 

I'l. XXI. FlB. 3. 

Fin-spine long and slender, very gradually tapering, moderately 
arched along the dorsal edge, much oompresHed laterally, posteriorly 
triincated, wedge-shaped in transverse section, pulp cavity small. 
elongate oval in outline and confined within the posterior lialf of 
the diameter of the spine. Posterior face slightly depreesed and 
traversed by a faint median keel. poHtero-Iateral angles sharp, 
the slightly raised - inner border showing indications of moderately 
spaced, minute, laterally compressed denticles. Lateral surfaces 
gently convex transversely and regularly converging toward the 
sharply rounded anterior edge, and occupied by more or less regu- 
larly rounded costte, intercostal furrows deep, about lialf the breadth 
of the ridges. The posterior costie are enveloped in ii smooth 
enamel coating; towiird tht; front they show delicate Hexuons sharp- 
crested longitudinal lines, and the second or third rib from the 
dorsal ridge becomes distinctly interrupted by transverse carinie, at 
the same time retaining the thread-like lines; thf remaining ridges 
are more and more strongly marked by the transverse carinee, the 
anterior one strongest of all. The carinsc cross the ribs obliquely, 
culminating above in delicate sharp crests, most prominent along 
the anterior margin where they are ornamented by a few sharp 
radiating lines producing a pectinated or notched appearance in 
that side; the anterior ridge is prominent, somewhat compressed 
laterally, and marked by similar slightly asymmetrical transverse 
ridges, which, however, are equally developed in either margin, pro- 
ducing a faint undulation along the rounded crest. 

The collection of Dr. Hambach affords a small section of one of 
the long, slender spines of Ctenaanithus different from any form 
heretofore derived from the Chester formation. The spine is inti- 
mately related to Ct. <iracillimus, N, and \V., of the St. Tjouis lime- 
stone, for which indeed it might be mistaken on casual observation. 

However, searching comparisons with the latter siH'cies discloses 
certain details in ornamentation which may indicate for the Chester 
form a specifically distinct, though closely allio<l, character. While 
the form and general appearanoe of the latter is strikingly like the 
St. LooiB spine, there is a ma^ed dissimilarity in the character of 
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the cost;!' l■i^l^t^s or tulKTchs. which are very uppreciably more regu- 
lar lUhl dt'licate than is tht- case in tho St. Louis form. The 
ina^'iiitii'i'iit exaiiipK- of th** latter >piiie helonpn'^ to the Shumard 
iM)llerti(ni <»f \VashiiiKt»>ii Tiiiversity, atTonls uinisually satisfactory 
(U'tails nlatiuu to tin* nriiamentatiini of the exposed parts, also the 
ehaiiu'i'-i in tin- snperlicial charaeters toward the distal extremity 
attrihiitahlf to wi-ar, thr ejinfiil examination of which has led to 
the helief that the sj^ine undi-r consideration helon<;ed to a distinct 
sju'cies. 
Grulnf/ic'il position and locuUfff: Chester limestone ; Chester, Illinois. 



Ctknacanthts BuTTKiisi, St. J. and W. 

I' I. XXII. Fie ::. 

Fin-sj)ine of medium size, stout, 8li«j[htly arched along the anterior 
ed^e, j^'radually tnperiiij:;, sul)triaii^ular in cross section; the imbedded 
p oximal extremity much more rapidly tapers, gently depressed 
l»elow the anterior shoulder, relatively mi»re expanded and triangular 
in section, the dorsal line making a broad curve, the concommitant 
plain spaci- reaching liigh uj) toward the distal extremity even be- 
yond the ])oint of inclosure of the pulp cavity. The pulp cavity is 
iiicliKseil ])osteriorly for only a comparatively short distance from the 
apex, where it o])ens out. forming thence a deep angular trench in 
|)nsterior face reaching' to the proximal extremity; its section ap- 
proximates that i^f the external walls, its dimensions and position 
being shown in the secti(»n diagrams introduced ^vitll the illustrations 
of the ty])e speciinen. The pt)sterior face api)ears to be slightly 
convex transversely and sharply rounded at the lateral angles, the 
specimens not sliowing denticles, if indeed such exist. The lateral 
surfaces are gently convex and more or less obtusely rounded along 
ilie anterior edj.'e which bears a single hmgitudinal rib; the exposed 
surface' is regularly and somewhat strongly ribbed, the costs of 
moderate in-ominence and (*onvexity, with narrow intercostal farrows, 
and cliirily ijifiircatin^ n-ar tho postero-lateral angles, where also 
short implanted ro^^Uv occur somewhat suddenly detleeted to the 
narrow, i)lain bell bordering either ]»osterior margin, along which 
they abruptly j-easi*. The anterior ridges are interrupted by strong, 
crowded, transverse tubercles, which have a slight oblique direction 
backward and upward, the crest culminating above with gentler in- 
ferior slope, and delicately siulptured by radiating carinas; the 
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tubercles of the posterior ribs are similarly beautifully ornamented 
and distinguishable by their more oval transverse outline, relatively 
smaller size and acuminate crest which rises abruptly over the 
superior margins. The plain surfaces are striiato-punctate longitudi- 
nally. The type specimen attains a length of 11.5 centimetres, the 
proportions as also the form being well represented in the illustra- 
tions. 

The species above noticed is one of the handsomest of the genus. 
The specimen figured is the most perfect, but other fragments have 
been obtained indicating larger-sized spines equally strongly marked 
by the distinctive features of the species, and which readily dis- 
tinguish it from any allied fonn knowTi to us. In the deflected 
costae along the posterior margins it bears some resemblance to 
Ctenacanthus dejlexas of the St. Louis limestone, but is otherwise 
markedly distinct from that species, as will be apparent on compar- 
ing the illustrations given of each respectively. This is one of the 
many interesting discoveries of the remains of fishes in our Goal 
Measure strata made by Mr. Alexander Butters, in whose honor the 
specific name is given. 

Geological position and locality: Lower Coal Measures (roof shales 
over coal No. 5, Illinois general section) ; Carlinville, Illinois. 



Genus ACOI^DYLACANTIIUS, St. J. and W. 

ACONDYLACANTHUS RECTUS, St. J. and W. 

PL. XXVI, Fiff. 2. 

Dorsal ray of small size, slightly arched along the sharply-rounded 
anterior edge, moderately compressed laterally, and very gradually 
tapering throughout its length. Posterior face deeply grooved and 
traversed by a faint median keel, striato-punctate, and bordered by 
the relatively thick walls of the postero-lateral angles, which latter 
are rounded and bear close along their inner edge a row of compara- 
tively strong, closely approximate, laterally compressed, downward- 
hooked denticles, which extend apparently from the apex (where 
they are worn obsolete) to the dorsal line, below which the pulp 
cavity issues. Lateral surfaces moderately convex transversely, 
rounded into the postero-lateral angle, and occupied by eight or more 
close, rounded cobIsb separated by narrow intercostal furrow^ those 
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ill front liujiiing two ro\v.s of miuute punctures and a faint median 
liliform line, the coata) enveloped in a smootb coating of enamel 
without triuisverrfe or tubercular elevation. Near the middle of the 
exposed rijjht bide of the type specimen, one of the costie attains 
double the breadth of those in front, and immediately along the 
beveled pooterior edgi.s occurs a plain space apparently destitute of 
l()iij;;itudinal ridges. Pulp cavity compressed ovate in outline, con- 
lined within tlie posterior half, and inclosed between thick walls. 
A specimen ])re.serving a len;:;tli of 65 millimetres has a breadth at 
base of 6.5 mm., and a thickness of 3 mm. 

We have met with only a single example of the above described 
iciithyodoriilite, which presents ihe greater portion of a small spine 
extending from the acute distal extremity to a point near the dorsal 
line, above which it is broken off. The specimen is embedded in a 
limestone matrix in such manner as to allow of the exposure of the 
right side and the posterior face; it is slightly distorted and frac- 
tured across at several places, revealing the small pulp-cavity, and 
somewhat worn especially along the posterior half of the lateral 
surfaces. The anterior costre, however, are uninjured, and their 
condition is as noted above. The striking characteristics of the 
spine are its slight curvature, rigid outline, and the deeply channeled 
posterior face and closely sut large denticles. The specimen has no 
near ally in the Coal Measure strata, and so far as it is possible to 
determine to the contrary, it presents all the characteristics ascrib- 
able to Aro}i(h/l(ir(n)thiis, 

Gi'olofjiad jumithni ami hiraliiii: Upper Coal Measures, above coal 

No. 1), 111. Gen'l Sec; the upper limestone at La Salle, Illinois. 

AcoNDYLACANTHrs NiiT.ui'S, St. J. and W. 

PI. XX VI. rip. 3. 

Dorsal sphie of medium size, rather strongly arched along the 
anterior edge and somewhat rapidly tapering, laterally compressed, 
transverse section cuneate; posterior face narrow^ deeply channeled ; 
pulp cavity relatively small, sublenticular or compressed ovoid in 
transverse outline. Lateral surfaces moderately convex transversely ; 
sharply rounded into the anterior keel, also gently rounded and 
compressed posteriorly to the postero-lateral angles, which bear a 
row of hiterally compressed, strongly do\niward-hooked denticles en- 
circleil at the base by a cincture, more or less regularly spaced by 
less than their own greater diameter, and extending two-thirds or 
more the length of the exposed portion of the posterior face. The 
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lateral surfaces are occupied by more or less regtilar, prominent, 
rounded, smooth enamel-coated costs separated by narrow intercos- 
tal furrows, the costse comprised within the narrow compressed belt 
along the postero-lateral margins being more slender, and toward 
the base those occupying the body of the spine bifurcate, the ante- 
rior ridge especially sending off frequent slender branches to the 
dorsal line. The lower part of the spine shows distinct lines of 
growth exactly corresponding in curvature to the dorsal line and 
forming faint oblique anuiilar ridges crossing the costse at irreg- 
ular intervals; otherwise the costcB are destitute of ornamentation, 
the occurrence of the oblique ridges mentioned not producing an 
effect comparable with that of the tuberculated Ctenacanthi. The 
dorsal line makes an angle of 40°, and less, with the anterior edge, 
somewhat sigmoidal in curvature, rising well up the postero-lateral 
angles; inserted base deep, surface irregularly striato-punctate. 
Length of spine 12 centimetres ; greatest transverse breadth IB mili- 
metres. 

The above described species is represented by a unique and nearly 
perfect specimen, which was discovered by Mr. A. S. Tiffany, to 
whom we are indebted for the opportunity to examine many inter- 
esting fish-remains from our Carboniferous and Devonian formations. 
In accordance with our understanding of the values to bo ascribed 
to external characters in determining the limits of genera as repre- 
sented by the fin-defenses of these early Selachians, the present 
spine does not reveal any feature markedly at variance with those 
ascribed to Acondylacanthus, with which we have identified it. 
Specifically, however, it offers tangible and most pronounced pecu- 
liarities, such indeed as may not readily escape notice even in 
fragmentary material, when suJBBcient remains to show its peculiar 
superficial features and the outline of its transverse section. "Were 
it possible to decide the association of teeth and fin spines, we 
might in many instances find much less dissimilarity in the fin de- 
fenses of different genera than that indicated by their respective 
dentition. But lacking these facts relating to generic identity, we 
must seek to discover such characteristics as seem to have a com- 
mon significance and by which these varied remains may be brought 
into such natural groups as appear most consistent with the fea- 
tures they possess in common. 

Geological position and locality: Upper Coal Measures; upper 
limestone at Peru, Illinois. 
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ACONDYLACAXTHTS ? MUDOIANUR, St. J. and W. 

n. XXIV. v\g. 3. 

A frapnicnt from the Upper Coal Measures of Kansas represent, 
ins ft mt'<lium-si/.o iclitliyodorulite is provisionally referred to the 
above fztTuis. TIio specimen preserves a length of about 7 centi- 
motri'S, iippartiitly of tlie middle or lower portion of the spine, of 
which tlie entire anterior border is broken away, revealing the deeply 
exeavatt?d posterior face or the pulp cavity, bordered by a strip of 
the thick lateral walls near the postcro-lateral angles. The trans- 
vorne section of the spine is subtriangular, moderately arched along 
the anterior edge, lateral surfaces evidently gently convex trans- 
versely, and, so far as revealed by the remaining walls, ornamented 
by simple, angularly rounded longitudinal costa*, separated by deep, 
narrow iiiterco.-»tal grooves ; the costie enveloped in the smooth 
enamel lavtr throncchout. Beyond this the superficial features are 
not discK^sed, and so little remains that the moderately rapid taper- 
ing of the spine is hardly more than an inference. 

While the generic relations of the specimen above referred to are 
by no means satisfactorily authenticated by the meagre characters 
that remain, its specific distinctness from any form occurring in 
the Coal ift^asures as yet discovered is unmistakable. The specific 
designaticm is given in honf»r of the late Professor Benjamin P. 
Mu«lge, the distinguished educationist and director of the first State 
geologi(»al purvi*y of Kansas. 

Gcnltuflcal jumlion and localittf: Upper Coal Measures ; Bock Creek, 
Tottawattomio county, Kansas. 

AcoNDYLACANTnus? xiPHTAS, St. J. and W. 

n. XXVI. FiR. 1. 

The unique exmnide here referred to presents the larger portion 
of a hirgo df)r.-al si)ine, ]u-oba]»ly between 20 and 23 centimetres in 
length, of which perhaps o centimetres of the distal extremity are 
broken short oil, whilo the inserted portion shows evidences of cur- 
tailment in the rounded anterior margin. Besides, the surface of 
the exposed ])i>rlion of the spine is evidently much worn, the costse 
for the most part destitute of enamel, disclosing the irregularly 
pitted bony structure in common with that of the intercostal grooveSy 
so that it is impossil»le to arrive at a satisfactory conclusion in re- 
gard to the character of the superficial ornamentation, upon which 
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even depends the determination of the generic relation of the spine. 
Specifically, however, the specimen is clearly distinct from any form 
heretofore ohtained from the same formation, and, judging from 
such of the superficial characters as are actually discemihle, the 
spine might be provisionally identified with Acondylacanthiis. 

The spine gradually tapers, and is moderately arched along the 
anterior edge, the inclination making an angle of about 45° with 
hne of insertion, lateral surfaces gently convex transversely, and 
very gradually converging toward the obtusely-rounded anterior edge, 
slightly compressed to the posterolateral angles, the posterior wall 
broken away, exposing the oval-shaped pulp cavity lymg within the 
posterior half of the spine. The exposed lateral surfaces of the 
spine are quite uniformly fluted longitudinally, the costse present- 
ing comparatively narrow rounded ridges, rarely bifurcating or 
implanted, and spaced by about their own width by the shallow 
intercostal grooves, the anterior edge apparently occupied by a 
wider ridge, vestiges of the usual enamel layer are discernible but 
not accompanied by visible nodose ornamentation. The base was 
deeply embedded in the integument, and channeled behind by the 
continuation of the pulp cavity. The spine preserves a length of 
14 centimetres; the antero-posterior diameter, just above the dorsal 
line, 2.5 centim., which, however, does not represent the actual 
diameter on account of the imperfect condition of the posterior 
face; lateral diameter at same point, 9 millimetres. 

The typical forms of Acondylacanthxis are more slender, and pro- 
portionately narrower, than the above described form, and should 
the latter prove to possess nodose cost®, it should be transferred 
to the genus Ctenacanthus. But as has been already remarked, in 
the absence of any such ornamentation and the apparent smooth 
plain costflB, its affinities are clearly with the above genus. 

Geological position mid locality: Keokuk limestone; government 
canal excavations at Keokuk rapids, near Keokuk, Iowa. 
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CJknms KrXEMACAXTIirS.'St. J. and W. 

I'iii-spines iirclKil backward, latorally compresseil. Dorsal bonier 
roinidi'd and Offiijiicd by a single plain, smooth ridge enameled 
throimhoiit, and perhaps inbcvolutl along the lateral edges, which 
may be dilicately sculpturotl. Lateral surfaees bearing longitudinal 
('0st:i' inturrn])ted by transverse riilu'os. Inter-costal furrows plain, 
or oceiipii'd by irre^'iibirly dinpersed tubercles. Posterior face trun- 
cated, the lateral angles ln-aring a row of denticles whose apices 
are directed upwanl. Tulp cavity apparently inclosed throughout 
the greater length of the exjiosed portion of the spine. 

The typical and sole repnsiutative of the genus here recognized, 
is the (U>rrial s]»ine, originally described by Messrs. Newberry and 
Worthen, under the name Ctnuicanthus- contutus, from the Saiut 
Louis limestone. Allied to Ctcuticanthiix, the genus is especially 
characterized by the presence of the plain dorsal ridge, the tuber- 
culated inter-costal sulci, and the upward direction of the denticles 
arming tli" angb's of the postiTior face. Tiie interrupted character 
of the cohta' of the lateral surfaces is precisely of the same nature 
so prevalent amongst though not restricted to the species of Cten- 
tiranthus] the tul»erculosc inter-costal grooves and the direction of 
the ajuces of the posterior deulicles recall a relationship with 
Atifrrttjittfcliius, Agass., from which, however, it is distinguished by 
the transversely ridged and perhaps tuberculose character of 
the co.sta". 

KiNKMACAXTiirs cosTATis, (N. aud W. sp.) 

ri. XXIII. FiK. 2. 
('lriinr(iuf',n.<? roafutu.t, Nmvi»eiiut ftful WoBTiiES. Wa'k III. Ciool. 8urv., II. p. 12(1 

ri. XII. f.:.. 

S])ine of mocliuni size, moderately arched along the dorsal edge 
and somewhat raj^iilly tapering, laterally compressed, presenting a 
wedge-shaped transverse sectit>n. The anterior or dorsal ridge 
arched transversely in about a quarter of a circle, lateral edges 
iiibeveled and marked with dehcate, sharp raised lines directed 
oblicpiely downwanl, the superior surface enveloped in a polished 
smootli enamel layer, occupying a spac^c about equal to two of the 
adjacent bit.'ral co.st;e. The latter irregularly diminished in size 
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posteriorly, and are quite uiiiformly marked by slightly obliv^iu 
transverse ridges >lit:htly raised and culminating above in a Iw 
crest, the unworn slopes and dti»ressions Ifeing beautifully scuh^- 
tured lo»4tu<iinallv bv deli'iate tlirc-ad-likf lines on^ssed bv txtriiiirlv 
fine transverse or oblique rujza-, the lateral edges similarly orr.a- 
mented as noticed in the dorsal ridge; the nodose character of tlio 
transverse ridges increases toward the postoro-lateral angles, how- 
ever, retaining the details d<. scribed, aiul in worn specimens : bi- 
lateral costa.' show more or less smooth crests, the extnniitiis «»f 
the tubercles producing the pectinated or crcnulated lateral bordt rs 
observed in abraded specimens, like the original or type txani- 
ple of the species ; the costie increase by bifurcation and implan- 
tation below at frequent intervals. The hitercostal sulci are perhaps 
one-half the diameter of the ribs, presenting a furrow of moderate 
depth, striato-punctate. that on either side of the dorsal ridge and 
others showing occasional irregularly dispersed tubercles orna- 
mented precisely after the style observed in the costal tubercula- 
tions. Postero-lateral angles sharply defined, skirted by a narrow, 
faintly depressed outer belt of the posterior face, which rises into a 
low angular ridge defining the regularly transversely concave, mod- 
erately deep median furrow occupying more than half the lateral 
area, and which is coarsely pitted or striato-punctate; immediately 
along the outer side of the lateral crests occur a row of depressed, 
obovate, closely arranged tubercles, spaced by less than half their 
longer or longitudinal diameter, constricted basally and culmin- 
ating in a low crest overhanging the upper border, similarly marked 
by delicate thread-like lines already remarked. The ])ulp cavity is 
of moderate capacity, compressed-oval in transverse section, and in 
an example of at least 150 millimetres in length it extends to 
w^ithin 20 mm. of the distal extremity, apparently o])<{niiig out in 
the posterior face little if any above the dorsal line, whicdi hdivr 
has a rather oblique upward course from the anterior dorsal angb^ 
inserted base longitudinally striato-punctate, proportionately of con- 
siderable depth, perhaps equal to a fourth of the entire hinglh of 
the spine. 

The above description is founded upon two specimens: one, ilio 
original examined by Messrs. Newberry and Worthen, representing 
a small-size spine about 60 millimetres in length, showing one side 
with patches of the worn costjc and dorsal ridge which apparently 
terminate at the oblique dorsal line; the posterior face is broken 
away. The other specimen preserves nearly 111 millimetres of a 
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Hi)in«\ wliirh luolmlily altaiiiod ii K'li^tb of at least 150 mm., and 
llioufih Hoinrwhat ^li^^tortoJ by pressure, it prt'Sents in a very satis- 
f!ic*t(>ry mauiu-r the lU-tjiils of tbf siirfat'e oniamontation of a very 
hiiinlsoiiu' thi-dfftnso, of which ilhistrations are given in tho 
l)Iatc* cited. Toward tlie tip in tho older portions of the spine tbe 
lateral cosia- arc worn nearly smooth along their crests, though re- 
tainint( vcsti^cs of the transverse tubereulations in the pectinated 
lateral hordcrs. Toward the base the costie show uniformly less effects 
from wear, where the transverse ridges are beautifully preserved. 
Hut throu<j;hout its entire length tho dorsal ridge presents tbe same 
uniform ]>Iain, smooth surface, an effect which it would seem in- 
consistent to attribute to al»rasion. The specimen also clearly shows 
tho form of the posterior denticles, as described, and which offer 
alto^'ether an an<mialous feature compared with the downward- 
ho(»keil ilenticles occurring in the borders of the posterior face of 
typical Ctcnacanthus, 

Oiolofjical jHniltion and locaUtif: St. Louis limestone: Alton, Illi- 
nois. 

(^KNUS ASTEROrTYCIIIUS, Agassiz. 



AsTKROPTYcniuR TENELLUs, St. J. and W. 

n. XXI. Vi«. 4. 

Fill s])iiie small, gradually tapering and moderately arched along 
tlie aiiterit>r ed^o, much com]>ressod laterally, giving the transverse 
section a thin weilgo-shapod outline, posterior face unknown. Lat- 
(?ral Hurfaceri gently convex transversely, occupied by regular, delicate 
rounded costa\ intercostal furrows, increasing in width toward the 
anterior edge, the posterior furrows occupied by a single striato- 
l)unctate line, the middle and anterior ones showing two or more 
such linos sc])arated by thread-like carina?, the wide depression be- 
side the anterior keel bearing several of these intercostal striaj and 
liliforni ridges ; the anterior keel, like the lateral costa), is enveloped 
in a smooth enamel layer. The pulp canity occupies about half the 
diameter of the spine, presenting an angular-ovate section, from 
which may bo inferred the keeled condition of the posterior face. 

The above species is represented by a fragment apparently be- 
longing to the middle portion of a small delicate spine, which shows 
the anterior keel and tho lateral surface nearly to the postero-lateral 
angles ; but the posterior walls arc broken away, exposing to view 
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the pulp cavity, :•:< ,::irin;i:o n\atri\ oi \\'v.*^h \^»*;iKJ in,i;, :><»^ ^w 
haps, a rather proiniiunt ir.i.i::)n :nu'.ul:ni{\ u\ \\\o o«'u1«sn oi i\u 
posterior face of the spino. Ahho;ij*.l\ \\<^ h.-n*^ no « \ul«^n,i» of i\w 
denticles arming the postoro-IatonU Mii^^lt s, :inil o\ou {\\o \n«lo hn 
row immediately adjacent the nntorior Iom^I im tloMiilnlti oi HumImu 
acteristic tubercles, neverthoIosH tho rhnrai'tiM' t>r tho nirMtdt )Mini>(ti(i< 
intercostal furrows, as also tho ^^onoriil fiiri*"* iif \.]w npiMMnuin. Kmmo 
little room to doubt its gonoric identity with Astt n*f*tifi^fmi9. \\ \a ni 
the same time readily distin<^uiKlitMl Mppcirn'Mlly I'V tin iMtiPiiii>)\ 
compressed, slender form, in which n':i|HM*t.ii H piorsonlu nitnlu'il cum 
trast with the congeneric form AHttrnptifrhmH UUuluit, III. .1 mimI \V , 
from the Lower Coal Measiiros. 

Geological position and lor. fdit II . rpp(:r ro.'tl Moiumim-k. i nlMiiMiun 
shales overlying the coal at Topf;kfL, M^iumw. 



llKrUl.'-tli- T%i..v.> .. '. -1: ...;.. ... ■• . ,.1 ''*• J ■ 



• b 



• •■■•'■ i' 



K)..*rt-ri.'.« ■:»;' 






' ■ ir • - . . -. ^ ■ - V fc ., ■ , . . ,-• 



k". /^ 



h.:* .'. . .-Im 






••-....,■• .'i .» . « . ■ '■ 

" f ■ « ■ I 



{• . ■ I 



■ ' • r- .1 , , - , ■ 








250 rAL.EONTOLOGY OF ILLINOIS. 

important cliaracter, not so clearly discernible in the fragment of 
spine upon which the existence of the genus was based, of the back- 
wjinl curvature, wliich nmovort it from the Drepanacanthi, with which 
it bears some resemblance in the character and disposition of the 
l()n«^itudinal ribs and tubercles occupying the exposed parts. Unfor- 
tunately the entire section of the spine is not preserved, so that we 
are still unhiformed in regard to the contour of the posterior face. 
Speeilically allied to the Kinderhook Glymmaiacauthus Irishii, St. 
J. and W., it is readily distinguished by the more rapidly tapering, 
smaller, transversely elongate, and much more prominent or conical 
lulKrrUs, wliich are also more closely ranged along the costa;, and 
nioie widely spaced laterally than observed in the unique example 
of the earlier si)ecies just mentioned. 

(jcohujii-aJ pos'tthm anl loralltif: Kt^^kuk limestone; Government 
canal excavations around the Keokuk rapids on the Mississippi, 
abovo Keokuk, Iowa. 

(tlymmatacanthus petrodoidks, St. J. and W. 

n. XXV. Tig. -i. 

A mere fra^rment of an ichthyodorulite, hardly a centimetre 
square, in the collection of Dr. Ilumbach, is probably referable to 
the above genus. The superficial ornamentation is so well preserved 
as to enable very satisfactory comparisons with other species of the 
gi'inis, as also to show its distinctive features so far as they depend 
on the character of the surface ornamentation. The fragment rep- 
resents a bit from the lateral walls inclosing the pulp cavity, and 
])robably pertaineil to a spine of medium size. The longitudinal 
costa; show only moderate convexity with the usual elongate irregu- 
lar punctuf ; closely arranged along their crests are rows of strong 
conical tubercles which crowd the surface, and which are deeply 
graven with sharp, strong <*arina', radiating from the apex and con- 
stricted at the base. The latter diaracter, wliich, on account of the 
resemblance to the vertical plication of tho cones of Petrodus, sug- 
gests the specific designation, also offers a marked and tangible 
contrast with the tubercular ornamentation observed in connection 
with the previously described species. 

Geological 2w«t7/ow avd locality: Chester limestone; Chestery 
Illinois. 
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Gexis GYR.\C ANTUrS, A«u^M•, 

Gyracantiius ? COUl>.\Tl'S, St. J. aihl W. 

PI. XXVI. KItf. 4. 

Spine of small sizo, very slic^htly iirrlitxl aloii^« Mm uiitoinii iiii^fl.. 
and gradually tapering, tranHverrioly (riiiiiKtiliir or rnriliiio m nm lu.n, 
Lateral surfaces broadly convex traiiMMn.iiy. iiii-ihnt/ m m immMV 
ridge forming an acute angle al the. audridr i-«lpf: pond m lulnal 
angles rounded and merging into llin hro.'oJ, moiliriiii ly riiu- nti^il 
posterior face. Exposed portion of tlic lat«-r.-il Kurfiiri-ri niiHifiK.t.iiil 
with stellate tubercles cloHoly nui lon^otu'lin.-iliy. Imi. rli<. >.hify u 
more or less distinct arraiigorri<:rjl in oiiK'^rji: r',/.:r^ ajIIj u I'.i/r.u.i 
and upward course. Pulp cum*'/ n-.l-.iU.t.-. i.-./i^'. i.'.i/l/ 'ii'iJm m. 
section, with a thin wall in \':i': nz.-. '/ Xf.-. j/,:V/.',/ f.i" ij/ii iii.'i 
ened at the lateral an;^]':-:, '.;>*;i,i/.;f ^rj'./. . . a ') " ;» :-.i$'iii * /i«./.iii/fy 
to the pnjximal titn-r/jiiy. 

The descripiiofj :•• o%i»t<:'; •::/,'. jjl *.• ' ?>•• • • ?. ... /. .•/.,„ 
about 5.5 Cf'Jixlmexr'^ii of '..v; ,'•- -A-. '-'- •- '■'-.• -. i' ■• •• *ii. 

ities have b*:en ^roxi^r:. fe.^<iv t.-, .- . - •,. . . •.•/.*./ ... • • • v 

ured by abrasi'^r-:, v. :.';-^':. *,-. .• . v. /••'•-i /,■ .- j< .. 

ft-atures ii;c:*t-:l.v.': '.••■:'*' *-.« ;/' i / ' :■•:'■ ■•' •. .v.* ..,*.,.. 

which LJ.IJ»fcferfc •*.'.- >: «-.'.'M.; «/.• •«/. r ■• . / ■ . .. . ,„ 

evtr. thfcW: IbV-tr V! v.---- . *%« '•■ < . 

Witb til*: OyUl'Jllf •/ '-tit J/'^rt.t:'.'!' '....; ., . M r...«<.. i ■' .'I. 

to thltt gf.lUr . 'i .-I. n.o'i ..*..' ♦ ...«-'./'. .i . ... ^ 

iL* tui»en^Ui»/*- iif». v.'**! i *„.; ..;,* ^,. . ,^ , .. .. , 
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wlurr, as nlroaily imttrl, tliuy appear to have the oblique arrnnge- 
nient cinuiii»»ii to thf ^'rims tt> which tlie species represented bj' 
ilio :il)o\v spt'ciiihii is ]>rovisionally reft-rroil, an«l of which it is, at 
till' present tiun'. thi' s^lo representative fn>m the Carboniferous 
fi,»nuati(Mis nf thu Tpinr Mississippi region. Principal Dawson has 
notiee<l ri'pn'SrntativLS of the i^i'uus fn>m the Carboniferous of Nova 
Sc«)tia, ainl I)r. Ni wlK-rry has lU-aeribtMl soiui^ interesting species 
from thr Lowir Carboniferous of Ohio. 

Ocohtffinil jhntition anfl locnlitij : Keokuk limestone ; Keokuk, Iowa. 



(iKNL's rilYSONEMUS, Agassiz. 

rUYSONEMUS KALCATLS, St. J. auJ W. 
ri. XXIV. FiK. 6. 

Dorsal spine of small size, comparatively narrow, gradually taper- 
ing, and very strongly arched along the posterior face, the tip reach- 
ing a point nearly vertical to the inferior extremity. Transverse 
section wedge-shaped, anterior edge making an acutely rounded 
angle, expanding below into the inferior shoulder, which is sharply 
constricted at the dorsal line to the plain base. Lateral surfaces 
slightly convex, the bony surface showing an impressed line parallel 
with the posterior edge as usually observed under similar conditions 
of surface exfoliation. 

The description refers to a unique example belonging to the col- 
lection of Washington University. It represents nearly the entire 
outline, hut as so frequently occurs with the small specimens of the 
genus, the posterior face is worn away, the pulp cavity making a 
groove throughout its exposed extent. The exposed portion of the 
spine, also, is denuded of the original longitudinal costfe and tuber- 
cuhition, of which not a vestige remains from which to infer the 
cluxracter of the superiicial ornamentation. The strong cur\'ature of 
the spine recalls the forms to which the names Physonemus parwlus, 
and Ph. Ccfitriensis, derived respectively from the Keokuk and Ches- 
ter formations, have been given. It is, how*ever, a much more slender 
form, not attaining near the breadth of the above named spines. It 
is, indeed, possible that it prove to be a young individual of the 
species P/^ AltonviiHis, St. J. and W., of the same formation, though 
the latter identity seems highly improbable. 

Gcoloi/icul position and localiUj: St. Louis limestone; St. Loois, 
Missouri. 
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Genus DREPAXACAXTHUS, N. and W. 

DREPANACANTHUd REVERSU5, St. J. a!lil W. 

PI. XXIV. tie .'i. 

Dr^pnnacaniKuf r^r^rtu.*, St. John .-id Wohtheji. M". I;L O—jI. Siirv.. VI, p. 4*. I'.. 
XIX^ f. 5. 6. 

A nearly perfect specimen of the above name»l apecie.^ has lately 
been obtained at Alton. The s^^eoimen .show^i nearly the f:omi»!t;tt- 
outline, but it is, unfortnnr*t^-ly, too aliri'hrd t'j di-tiin:tly di-pl.-iy 
the ornamentation, which wai very cl'.nriy rri-ie out frora tlii: Uu-j- 
ments upon whivh th-i oricrinai d^r^or.p:.'.:: ''.:i- ha-.i.-l. Th*: vpi-i.-i- 
men here referred to i.^ reprO'i i'^'^'i ir. ■:. ; lii .-.^ririor.-.. V//-: tli«: 
exception of the tip an-i i:.< exT^.r.-: ^-.r.i -.i '•.<. oa-.*:. ,r. ,-; p»Tf':cv 
and is readily di-itin^'ii-r.^ 1 f'-v: •:..■: /•-'-':''.'. .x '-rfj^y:.*:-. f.r'r».o ;-ly 
described bv its .rTor.^-=:r ':-.'.'*':.'':. "^r...^: •;.••; • .^>':r^■ ..Jj*i0r. .-. '^i ..*♦: 
different, as ha= \y^.^.ri alr*^-:'! ;>■...'.%: ^.^ 

nois, and S:. Lo*;'r.. if.f-y, -.'.. 
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Genus ORACANTHUS, Arrbsiz. 

OBiCAKTBua VETU8TU8, Leitly. 

PL XXIT. Fie. a. 
OraMfthHi teUutim. LeiBT. 1856. Jour. ActtU. Nut- «<■!.. Phlla.. 2<l ^.tI.'s. Ill, p. ISI, 1-1. ID. 

1. 1, % 3. 
Oiwoiif/iHg C0F.itim.Hj. SI.:J. and W., 187E. III. Geol. S'lcv, VI. p. i7C. I'l. XXII. t, i:.. 

The cabinet of Washiogton UniverBity, of Ht. LoiiiH, C(»iitiiitiH it 
fine large spine, which, we have no doubt, ia apocificiilly iilMitiriil with 
the form originally deacribeil by Dr. Loidy iimtor tho iibovir (IfHij;- 
nation, and which was Bubsequently noticed by Ihe authorn innicr Mid 
name Oracanthu consimUis. This apocimen, Itowovor, iilTordH n inucJi 
more satisfactory idea of the superiicial chHriiclcrlHticH of tbH Kpiim 
than it was posaible to gain from the fragmentary iitat^rinl w.<^l:i^■ 
siblc to UB at the time tho latter notice wa» prepared, aii'l v.(r iirc 
thankful for the opportunity of correcting and cxt'-ndinK lii'- uniif,-. 
of the apeeiea, which we owe to Dr. Hambach, of (bat iii-.uyoU-.i,, 
and to Dr. Leidy, who kindly aecured the loan of tin: ty|.<; ■■■i-' ■ un i, 
from the museum of the Academy of Naturai Hnii^w,: 

The above mentioned specimen prtservea a l<:ij;;t|j i,i \T, <■• u'lihiU* -■ 
and a width of above 6 c. m., the ba.'iiil rriart:in ;<r.') n f,-ir>.;i. -,! ij,, 
left side being broken away, exponing th<: Unri. ,-,,;(, -s,-.,!/ j ,„ 
oudine is that of a moderately bii';};*ar'l-';-i/v<,;, raj>;-;;y ';.j,./,,.;, 
laterally-compressed cone, terminatiu!/ ifj a -.i.^i;, j,*,./,' '; ■ ;.i,i> , ,., 
edge broadly and regalarly round';'! mo ii.h y>:ti\-, ••.-. .■ , .,.<.., 
surfaces; the concave posterior \^,v\'.t v,:.'.'.'.i.:i\ <;:,'''' ■ ■ •. ■- ■ -l ,• ■ .. 
snarply rounded, bnt without 'J^^i:«:'i y.-.'^ r. .^^j .-. -. ■ ■, . 
walls of the palp cavity are iaod*rrar';:y '.:.'/ i^n '■' ■ -t -.• .,.'. . 
est thickness along toe cokv^te *!/>:.■■;-./■*;•,.• •^,^ u... .= v m ... ,..,„. 
or less crushed ia by pn-.i^^K. 't:.-. ".ry,,/-'. ,..,v*. •: ■■' .. ".', 
show obscure, irreirrlar ::rsfj\A.!^. ■^^'^, > ;.■: j .- ■■■..-,,. '. . 
with tnbercle3, »t;-h i>i-.,-,'.*; ^ •■i'.---. ■' .-i--. 
position, and rani;^i ;,', 4;i.i,.v^. -. .,• ... . -.^ ., .,, , , . , 
verse mws, ■*}-.;-:>;.;.'.; *.,->t r;--: i --- ',^'.... ■', ', / ' 

ward an 1 t.ir'i.-K^r': \: ^ y. ■•■■-,. ^. ^ ,. 

similar r>>-c* hiir.^ -,-.,..v-^ , ' ,. , , , ' 

directiot; l-tv,-«t.-: -U ^^.^ ......... ' ,..'./,'.. '"' 

and larger, *.£.it (au-^-^ , 
tndii^d' 
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with the latter interpretation of their relative position, or in pairs 
at the lateral line. We are, however, not eufficiently familiar with 
the species of the genae to be able to decide to what extent this 
asyminetrical character may be relied upon or whether it is per- 
sistent alike in all representatives of the genus. Oracantkua has 
already been compared with the dermal scutes of the Rays, and a 
rather heterogeneous variety of forms have been generically identi- 
fied. In some particulars, as the oblique course of the tnbercala- 
tion, they recall a resemblance to the Gyracanthi, but no vestige 
exists of the strong implanted base accompanying Oyracanthua, while 
their general proportions and outline are widely different. Neither 
are we prepared to affirm relationship with forms of teeth occnrring- 
in the same deposits, although their supposed affinities naturally 
suggest possible relations with Ptammodus. 

Geological position and localitiee : St. Louis limestone ; 3t. Louis, 
Mo., Alton, 111., Pella, Iowa, &c. 



Obacakthcs rectus, St. 3. and W. 

PI. XXV. Flit. 3. 

Dr. Hamback has obtained from the Chester formation a mere 
fragment of a spine, showing a narrow section of what appears to 
have formed part of the dorsal or anterior edge, which certainly 
poBBesees congeneric relations with the fossils from the Keokuk lime* 
stone, to which we gave the name Oracatitkus ? obliqum {III. Geol. 
Surv., VI, p. 477, PI. 12, f. 16), although they are respectively dis- 
tinguished by well-marked specific characters. 

The Chester specimen shows a spine with a very obtusely angular, 
nearly straight anterior ( ?) edge, the lateral surfaces diverging at a 
moderate angle therefrom, and studded with rudely sculptured, 
irregular-shaped conical tubercles, ranged in closely approximated 
vertical lines and more or less regular oblique rows, on the left side 
rising from left to right ; along the anterior ridge the tubercles be- 
come transversely elongated, showing the same strong radiating 
plicte and wide vertical spacing; the right side preserves a few 
small, scattered tubercles, belonging to two or three rows, and which 
appear to form obliqne rows ascending in the opposite direction to 
that observed in the left side. The tubercles present a more abrupt 
slope above, and at one part of the fragment they appear to be- 
come confluent along one of the lateral oostie, forming an irregular, 
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agged crest; their worn apices show distinct punctate structure, 
intimately resembling the eroded coronal surfaces of Orodus and 
other teeth occurring in these deposits, the intertubercular spaces 
showing the ordinary striato-punctate markings of ichthyodorulites. 
The fragment does not reveal the thickness of the walls nor any 
part of the pulp cavity; it evidently belonged to a medium-size 
spine. 

Compared with Oracanthust Mtquug of the Keokuk limestone, the 
present form is distinguished by its more rigid outline and the more 
regular distribution of the tubercles. In both forms the oblique 
transversely elongate tubercles are asymmetrical; in other words* 
the crest culminates in a submedian apex along the angularly rounded 
]>or(1er, from which the longer lateral crest declines obliquely up- 
ward and backward in the Keokuk spine on the right side of the 
anterior anglo, and in the present form on the left side of the less 
angularly rounded anterior border. We are, however, inclined to 
regard the unique example of the Keokuk species as pertaining to 
the anterior edge of the spine, and the Chester form here alluded 
to as possibly belonging to the opposite or posterior edge. Ex- 
amined in the relative positions thus indicated, the direction of the 
obliquity of the transverse rows of tubercles in the unique represen- 
tatives of the species mentioned, merely indicate the opposed positions 
of the respective fragments, in both of which the oblique transverse 
disposition of the tubercles is essentially the same. If the relative 
position of the fragment of the present spine is correctly inferred, 
it differs from the form occurring in the St. Louis limestone, O. 
vetuistm, Leidy, in the much less marked obliquity of the transversly 
elongate tubercles near the anterior border, in which latter respect, 
however, the latter species shows variations approaching the con- 
dition observed in the present spine. But the relations of these 
spines can only be determined from the examination of more com- 
plete and better preserved individuals in the case of the present 
species and that from the Keokuk formation. 

GeoliKjical position and locality: Chester limestone ; Chester, lUinois, 
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Genus PNIGEACANTHUS, St. J. and W. 

Fnigbacanthub TRiooKALts, St. J. and W. 
PI. XXIV. TUt. 4. 

Dormal defense as seen from the side trigonal in outline, laterally 
much compreBBed, walls thin, tenninating in an obtuse apei pro- 
jecting backward aboat ICP past a point vertical to the postero- 
inferior angle, exceedingly attenuated inferior!; with signs of a plain 
marginal border that was buried in the integument. Anterior edge 
gently arched, slightly curved toward the inferior angle, rounded 
into the gently convex lateral surfaces; posterior border apparently 
a little more compressed, gently concave vertically, and studded 
with relatively strong, irregular, rudely sculptured tubercles. The 
anterior border ia armed with large irregular vertically elongate 
depressed tubercles, which seem to lie immediately on the left flank 
of the border, forming a nearly continuons undulating ridge. The 
tubercles, so far as may he determined by the Bpecimen, are mark- 
edly asymmetrical, the slope facing the anterior edge being abrupt 
and obscurely vertically sculptured, the opposite side presenting a 
wider gentle declivity. The lateral surfaces show more or less dis- 
tinct longitudinal costs, irregularly striato-punctate, and studded 
with irregular stellate tubercles whose apices are directed upward ; 
the tubercles, as seen in the left side, vary in size and present a 
rude sort of transverse disposition, especially toward the anterior 
border where occasional large tubercles occur, but irregularly dis- 
persed as relates to the longitudinal costie. The inner surface of 
the lateral walls is smooth with a fine wavy striato-punctate struc- 
ture. The spine may not show the perfect outline of the inferior 
margin, but the preserved portion in the flattened condition of the 
specimen measures about 25 millimetres from the antero to the 
postero-inferior angle ; height of posterior border, 20 mm. ; ditto of 
anterior border at least 33 mm. 

The collection of Mr. Alexander Butters contains the unique and 
nearly entire example upon which the above description is based. 
The specimen is embedded in a limestone matrix in such manner 
as to reveal only the one side, and part of this is broken away 
exposing a corresponding area of the inner side of the opposite wall, 
the thin inferior portions of tlie walls being brought into close con- 
tact by pressure. 'Xhe specimen is unquestionably closely allied to 
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the Keokuk form, Pnigeacanthm pnigeui ^ (N. and W., 8p.)> from 
which it is distinguished by its somewhat stouter proportions, less 
deeply concave posterior border, and the peculiar tuberculation of 
the borders. The general character of the tuberculation of the 
lateral surfaces is much the same in both forms, but in the present 
one the tubercles are relatively smaller and less crowded. 
Geological position and locality: St. Louis limestone ; Alton, Qlinois. 

1. We are under obligations to B. A. Miller, Esq.. for reminding as of our remissness 
in needlessly adding to the already burdensome complications or nomenclature, which 
we perpetrated In abandoning the original npeciflc desifrnation applied to this fossil when 
we transferred it to a distinct ffenus, of which it is the type. 
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INTRODUCTORY REMARKS. 



For the ase of several of the crinoids described and figured in 
this volume, I am indebted to the liberality of Mr. L. A. Cox, of 
Eeoknli, Iowa, who, by Ma zeal and indefatigable industry as a col- 
lector, has brought together one of the finest collections of these 
beautiful fossils ever obtained from the Keokuk limestone, and a 
part of them were found in a higher position in the Keokuk group 
than that from which this class of fossils has usually been obtained. 
These came from a sandy stratum only a few inches in thickness, 
situated near the dividing line between the geodlferous shales of 
the Keokuk group and the overlying Warsaw beds, which form the 
upper part of the river bluff about a mile below the steamboat land- 
ing, where the fossils were obtained. 

Another very interesting and productive locality was found by Mr. 
N. K. Burket, of Keokuk, in the Keokuk limestone at Hamilton, 
Illinois, and from this a part of the following species were obtained. 
These came from a cherty layer some three or four inches in thick- 
ness, intercalated near the top of the quarry rock at Hamilton, some 
five or six feet below the base of the geodiferous shales. These two 
very limited horizons have furnished all the Keokuk species, with 
one or two exceptions, that are described and illustrated in the fol- 
lowing pages. 

The species from the St. Loois and Chester groups were all col- 
lected by the author, and form a part of the Illinois State 
Collection. A. H. W. 




PAL^OCRINOIDEA. 

Genus POTERIOCRI^fUS, MiUer. 

P0TERIOCRINU8 coxiNUS, Worthen. 

PL XXTU. FlB. 1. 
Pottriocrinun Coxanui, WOSTBBN. Febmarir, 1881 

Bulletin No. 1. ol the Illinois SUte Hueeum ot Natural History, p. 4. 

Body above the medium size, obconic, gradually swelling from a 
tmncatfld base to the summit of the radial plates, where it is about 
one-fourth wider than high. Basal plates as wide, or a little wid«r, 
than high, forming by themselves a low pentagonal cup, about twice 
as wide as high. One subradial on the anterior side is longer than 
wide, the others about as wide as long, all pentagonal, there being 
but two distinct angles on their lower margins. 

Badials nearly once and a half as wide as high on the anterior 
rays, curving in on their lateral borders so as to give a pentalobate 
character to the upper part of the body. 

Brachials two, the first quadrangular, and the second pentangular, 
and both more than twice as wide as long, the second supporting 
on their sloping sides the first divisions of the rays. Only two of 
the rays and a part of the third are to be seen, the others being 
concealed in the rock. In one of these, probably the anterior ray, 
a second bifurcation takes place on the fifth plate in each division, 
and the outer branch is seen to divide once more about the tenth 
plate, and the inner division on the twenty-fourth to the twenty- 
sixth plate, beyond which the arms of this ray are not preserved. 

On the right antero-lateral ray the second bifurcation takes place 
on the fourth plate in eacn division, the outer branch dividing twice 
more on the eighth and twenty-second plate, and the inner one twice 
on the twenty-fourth to the twenty-sixth plate, beyond which they 
are not preserved. This gives twelve visible arms to this ray, and 
it is quite possible there were other divisions beydbd, as the arms 
extended about two inches beyond the last divisions that are pre- 
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8crvi*d. The arms iire Btout. and composed of rounded, short, nearly 
parallel plates, tliat give off delicate pinnules from their inner mar- 
gins. Tlie upppi'r part of the ventral tube is exposed by the partial 
removal of the arms, showing that this organ was trumpet-shaped, 
and crowned with heavy hexagonal plates, produced at the center 
into rather sharp nodes, while below the plates are thinner, and 
crossed l)y about tliree sliarp ridges, that are most prominent in the 
center of tlic ])late. Similar ridges are also visible on the margins 
of some of the summit plates. Anal plates unknown. Column 
round and rather stout, composed of thin, even plates. Length of 
body and arms 5§ incites, breadth at the summit of the ventral 
tube 2| inches, length of column 7g inches. 

This magnificent specimen of Poteriocrinui, the finest ever obtained 
from the Keokuk limestone, I take pleasure in dedicating to Mr. 
li. A. Cox. of Keokuk, Iowa, to whom it belongs, in recognition of 
his zeal and untiring industry in collecting the crinoids and fishes 
of that vicinitv. 

Position and loviiUty : Upper part of the Keokuk limestone, Ham- 
ilton, ill. 

Mr. L. A. Cox's collection. 

POTKRIOCRINUS BURKETI, Worthcb. 

ri. XXVIII. FiK. 8. 
J'oti^rinrrinus liurkrti, Wokthen. Febniiirjr, 1882. 
lUillrtiii N<>. 1. of \ho I Mini lis Stato Musoum of Natural History, p. 5. 

Body small, cu])-shaped below the summit of the first radial 
plates, l^asals smtiU and concealed by the first joints of the colunm. 
Subradial plates sli<;htly protuberant from the depression of their 
upper aii*|les, curvinpj below into the basal concavity. 

Itadials pentagonal, about once and a half as wide as long. Bra* 
ckials two to each ray. the first quadrangular, and the second the 
same form as the radials, and supporting on their upper, sloping 
sides the first division of the arms. The arms after the first divis- 
ion OH the second 1)rachial plate, divide ^gain on the sixth to the 
ninth plate, beyond which they continue simple to their extremities, 
making four arms to each ray. Arms composed of slightly wedge- 
formed plates, about as long as wide below the last bifurcation, but 
I)ro]K)rtionateIy longer and more zigzag in their arrangement above, 
giving ol! strong piiniules alternately from their longest sides. Anal 
plates small, the Urst one apparently resting between two of the sub- 
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radials, and this is succeeded by a double series of minute plates 
that form the lower extremity of the ventral tube. This organ is 
composed of minute plates, is balloon shaped, and shows a small 
opening about two-thirds the distance from the base to the summit. 
Column at the top composed of round, nearly uniform plates, but a 
short; distance below thicker joints are intercalated at irregular inter- 
vals. It decreases in diameter nearly one-half in a distance of two 

a 

inches from the top, and has delicate cyrrhi attached on either side 
at irregular intervals. 

The depressions at the angles of the body plates, give to the ex- 
terior of the cup- shaped body a somewhat rough appearance. 

This species is named in honor of Mr. N. K. Burket, of Keokuk, 
Iowa, who discovered the interesting locality at Hamilton where 
this and several other new forms have been obtained. 

Position and locality: Top of the Keokjik limestone, Hamilton, 
Illinois. 

Nos. 260 and 402 of Mr. L. A. Cox's collection. 



POTERIOCRINUS TENUIDACTXLUS, ^OrtheU. 

PI. XXVm. Fig. 13. 

Poteriocrinus tenuidactylus, Worthen, February, 1882. 

Bulletin No. I. of the Hlinois State Museum of Natural History, p. 6. 

Body obconical, length and breadth to the top of the radial plates 
about equal. Basals well developed, expanding upward from the 
column, forming a pentagonal cup rather wider than long. Subra- 
dials about as wide as high, the one on the posterior side supporting 
in part two quadrangular anal plates, that are succeeded by a 
double series of smaller plates of the same form, forming the base 
of the ventral tube. 

Badials pentagonal, wider than high. Brachials four to each of 
the posterior rays, three of them quadrangular and the fourth pent- 
angular, supporting on its upper sloping sides the first divisions of 
the rays. The arms in the left posterior ray, after dividing on the 
last brachial, give off a branch from each division, about the twelfth 
to the twentieth plate, beyond which they are simple as far as can 
be seen, giving four arms to this ray. 

The arms are long and slender, composed of rather long, rounded 
joints, slightly zigzag in their arrangement, and give off rounded 
pinnules from their projecting sides. 
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The ventral tube, of which some traees can be Been an inch above 
the base, appears to have been crhndrical, Btarting with the two 
long quadrangular anal plates that rest on the posterior sabradial 
plate, the succeeding plates decreasing upward in size. 

Column at its upper extremity rather large, and oompoaed of ex- 
tremely short joints, closely ancyhlosed together. 

Potition and tocality: Upper part of the geode bed, one mile below 
Keokuk. 

No. -202 of Mr. L. A. Cox's collection. 

PoTEBiocBiNcs lowENSis, Wortheu. 



Body short, about once and a half as wide as high. Basal pistes 
small and hidden by the first columnar joints. Sobradials small, 
slightly protuberant at the ceuter and depressed at the angles. 
Badiab twice as wide as long, pentagonal, depressed on their lower 
lateral borders, with a tolerably well defined snture between them 
and the bmctiinlB. 

Bracliials two, the first quadrangular, twice as wide as long, the 
second pentagonal, giving support on their sloping angles to the 
first divisions of the rays, and slightly protuberant at their upper 
angles. 

Arms after the first division on the second brachial in two of the 
rays, the left posterior and right antero-lateral rays divide again 
ou the tiftli to the seventh plate, beyond which they are simple as 
far as they have been preserved. On another ray, which may be 
tliG anterior one, the first bifurcation takes place apparently on the 
fifth brachial, and the second one on the third plate above, as near 
as can be determined from the crushed condition of this ray. Anal 
plat en unknown. 

Column round, composed of rather thick joints near the body, 
becoming alternately thinner below. 

This species is related to Pot. (Scaph.) Oihaoni of White, bat dif- 
fers from it in the number and mode of bifurcation of the anoB, 
and also in the form and prox>ortion of the plates composing the 
body. 

Poxition and loculily: Upper shales of the geode bed, one milft be* 
low Keokuk, Iowa. 

No. SO of Mr. L. A. Cox'a collection. 

From an oversight this specimen was not figured. 
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POTBRIOCRINUS HAMILTONENSIS, Worthen. 

PI. XXVn. Flfir. 9. 

Foteriocrinus ffamiltonensif, Wobthen, Feb. 1882. 

Bulletin No. I, of the Illinois State Museum of Natural HistorF. P. 7. 

Body short, forming a low, shallow cup about twice as wide as 
high. Base concave, the basal plates being hidden by the first col- 
umnar joints. Subradials of nearly uniform size, four hexagonal and 
one heptagonal, all curving below into the basal concavity. Radials, 
four of them nearly twice as wide as long, pentagonal, the one on 
the anterior side smaller, and all indented at their lower angles to 
correspond with the similar indentations of the upper angles of the 
subradials. A somewhat gaping suture exists between the radial and 
brachial series. Brachials, one to each ray, longer than the radials, 
and four of them sharply angular above for the support of the arms. 
On the anterior ray the brachial is constricted above to about one- 
half its width below, and on its upper truncated margin supports 
the plates of a single arm, making nine arms altogether for this 
species. Four or five anal plates can be seen arranged as^sual in 
this genus. Arms composed of short quadrangular plates, that give 
off strong pinnules, the joints of which are twice or more as long 
as wide. Column, unknown. 

This species is nearly related to the little form to which we have 
given the name P. penicilliformis, but differs from that in its more 
broadly cup-shaped body, shorter brachials and arm-plates, and also 
in the pit-like depressions at the angles of the body-plates. The 
body alone could not be easily distinguished from Pot. (Scaph.) unicvs 
of Hall, while it is entirely unlike that in the number and arrange- 
ment of the arms. 

Geological position and locality: Upper part of the Keokuk lime- 
stone, Hamilton, Illinois. 
No. 176, Mr. L. A. Cox's collection. 

Foteriocrinus Orestes, Worthen. 

PI. XXVII. Fig. 3. 

Poteriocrinus Orestes. Wobthen. Feb. 1882. 

Bulletin No. 1. of the Illinois State Museum of Natural HistorF. P* 7. 

Body depressed, cup-shaped, about twice as wide as high. Base 
concave, basals small and concealed under the first columnar joints. 
Subradials as wide or a little wider than high, three hexagonal and 
two on tiie posterior side heptagonal, all curving into the cavity 
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?>-!'«. ;;«'].al- &r*:-^; :T;<^^ &« lAipe as the rmilkr sobrmdials. four 
of :;.rrr: prnt^^.n^. aci oc^ on tbr hftt postour Skie heptmgon^ 
'o::.:.r.^ :Lr*r* acg'.-« l^low. 

hri/;:.ia.-. Lvr v^ the ftntrrior rtT. the first one of whi«h is as 
V. i- i^IjV Ar t!.? nrs: raajil, but coxutrieted abofv to corKspood 
w«;L :L^ narrov, ^'i'-c^ding plate'-, vhieh are <|iiadraiigalar and 
narro-^iy rianle'l on th«ir eitemal raifaces. The fifth bnchial is 
aLLTilar arvjve. a little wider than those below, and girea eupp<Ht 
on it-! upper sloping sides to the first divisions of the ray, which 
tii^nce continue .-imple to their extremities. 

Ti.e four other radial <i bare each a single braehial, which is as 
wi<]» a?! the ra'lial on which it rests, with a gaping sntoie between, 
all pentan^^jlar. an^l supporting? on their sloping upper anises the 
tirst divisions of the rayg. 

The 1* ft aiitero-lateral ray, after its first bifurcation on the bra- 
chial i*Ifite, rlivides again on the sixth plate above, and the oater 
divi:-ion twice ujore on the seventh or eighth plate, while in the 
rij<)it antf.-ro-lateral i/oth divisions bifurcate on the sixth plate, and 
the outer divinion a^ain on the seventh or eighth plate, mating five 
(livihionH to this ray, wliich is probably the normal number in all 
th«^ rayn except the anterior one, or twenty-two in the complete or- 
^aninrn. Tlu; nrmn are composed of rounded, wedge-formed joints, 
^ivint.' ofT .strong' pinnules alternately from their longest sides; pin- 
rniN H cr)rn|)OHfMl of rounded joints about twice as long as wide. 

AnnI platrtH, five viHible. The first one is pentagonal, and rests 
iwiwfin tlif) upp<T nnKloH of the two subradials and partly imder the 
lowi r tiui'U*. of tlift ri^lit posterior radial. The second anal is larger 
Ihfiii thi' liiHt. lii'Mik'oiuil, ami rostH upon one of the subradials, and 
4\liti(lii iilnivr ihr top of ilio l(fft posterior radial. The third anal 
i.t h<'Mifv»Hil. iihout. iiH hin:<* HH the first, on which it rests, and it 
ivIniiilM ii«Mil> half iIh IriijHh uhovo the top of the posterior radial 
on (III* Mfrhl. Tlx* fourtli ami fifth tinnls are smaller, the one rest- 
iiif nil lop oi \\w MiM'oiKJ anal ami the other on the third. Column 
iiiiKiiown, 

(iioliunnd poHition ntui loculitif: Top of the geodiferous shales of 
(ho Kroliiik rroup. ono milt' holow Keokuk, Iowa. 

NoH. IHJ ami -I'* *»f M'*' ''• '^« ^■<»>^'** collection. 

I tak<» pleaHun» in jletlicatiiiK ihis beautiful species to my worthy 
friend aii<l co-lal>orer, Mr. OrestoH St. John. 
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POTKBIOCRINUS LATIDACTYLUS, Worthen. 

PI. XXVIII. FI«. 6. 

Poteriocrinus latidactylus, Wobthbm, J'obruary, 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural HistorF, p. 8. 

This interesting species is only represented by a single imperfect 
specimen, showing the posterior side of the body, and a part of three 
of the rays. 

Body mamill8eform, once and a half as wide as high to the top 
of the first radials, and composed of smooth, closely joined plates. 
Basals unknown. Subradials nearly as large as the radials, length 
and breadth about equal, four of them hexagonal counting three 
angles below, the left posterior one larger than those on the anterior 
side and heptagonal. Radials pentagonal, once and a half as wide 
as high, and truncated straight across their upper margins for the 
reception of the brachials. These are of the same form and a little 
larger than the radials, and support on their upper sloping sides the 
first divisions of the rays. The arms are composed of broad, short, 
quadrangular plates, resembling closely the arms of Woodocrinus 
and Bursacrinus, In two of the rays which are partly preserved in 
the specimen before me, a second bifurcation takes place on the 
fourth plate above the brachials, beyond which the arm structure is 
unknown. The first arm-plates in the two posterior rays are about 
twice as long as the succeeding ones. 

Three anal plates are visible; the first one is larger than the 
others, and rests between the upper angles of the two posterior sub- 
radials. The second rests on top of the left posterior subradial, and 
the third, which is smaller than either of the others, rests upon the 
first, and above this the lower margins of two or more succeeding 
plates can be seen. 

Column stout, covering the entire width of the base, and com- 
posed at first of nearly equal joints that decrease in diameter below, 
and pass into a series of alternately thick and thinner joints as the 
distance from the base increases. 

Position and locality: Upper part of the Keokuk limestone, Hamil- 
ton, Illinois. 

No. 401 of Mr. L. A. Cox*s collection. 



PALEONTOLOGY OF ILLINOIS. 



roTEBiociiDivs PBinciLUFORnB, Woithen. 
n. xxvin. Fis. *. 



Bo<ly small, forming below the summit of tbe radial plates a low 
cup. about twice au wide as bigb. Basals, and tbe lower EDgle of 
tbc Buliradiiils, concealed under tbe fir^t columnar joints. 

SubriLiUaU about as long an wide, except tbe one on tbe posterior 
side, wbicii is a littk- longer tban tbe otbers. Badials abont twice 
as larf;>- as tlie batals, wider than Ions, and truncated squarely 
across tlu-ir upper margins for tbe reception of tbe braebiale. 
Bracbials twice as long as wide, four of tbem pentagonal, constricted 
in tbe middle, and supporting two anna which continue simple to 
their extremities. The anterior ray has a long quadrangular brachial 
plate supporting a single arm, making nine arms altogether for this 
Hpecies. 

Arms coiiipofied of rounded joints that are generally longer than 
wide, but ttliglitly wedge-shaped, giving ofF strong pinnules from 
their longest sides. 

Column Rlightly larger at its junction with tbo body than below, 
comi)oseil of alternately thicker and thinner joints. 

First ana) plate longer than wide, pentagonal, and rests partly 
between two o{ the nubradialB and under the right iK>sterior radial. 
Abovo tills a double series of small anal plates can be seen, tbe 
llrst of which rests on top of the left posterior anbradial, and the 
si-eond on the lirst iinal. 

Tliis little eriiioid is related to that described by Heek and Wor- 
tlicii in the second \olume of the Geol. Survey of Illinois, p. 388, 
pi, 17, lig. (>, under the name of Scaph'tocrlnus decadactylua, but diffeiB 
from it in tlie proportious of tbe body plates, and especially in ita 
brachiats and arm plates, 

r-miion ami localilif: Upper part of tbe Keokuk limestone, Hamil- 
ton, Illinois. 

No, 2fi9 of Mr. L, A. Cox's collection. 
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POTERIOCRINUS TENTACULATUS, Worthen. 

PI. XXVIII, me. 11. 

Peteriocrinus tentacttlatus, Wobthen, February, 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural History, p. 10. 

Body of medium size, depressed cup-shaped, more than twice as 
wide as high. Base depressed, basal plates small and concealed in 
the basal cavity. Subradials as long or longer than wide, three 
hexagonal and two on the anal side heptagonal. 

Radials about twice as wide as long ; heptagonal, and truncated 
squarely across their upper margins for the reception of the brachial 
series. 

Brachials two, the Urst quadrangular, and the second pentangular, 
both as wide or a little wider than the radials ; the second support- 
ing on its upper angles the first divisions of the arms. The arms 
are composed of wide, short, quadrangular joints, and bifurcate the 
second time on the fourth and sixth plates above the brachials, be- 
yond which they are all simple to their extremities, making four 
arms to each ray. Above the second bifurcation the plates of the 
arms gradually diminish in width, and become slightly wedge-formed, 
giving off strong pinnules from their longest sides. 

Anal area proportionately large, with nine small anal plates visi- 
ble. The first is pentagonal, and rests between two of. the subra- 
dials and partly under one side of the right posterior radial. The 
two succeeding anals are larger, placed side by side, their lower mar- 
gins resting, the left one on the truncated margin of one of the 
subradials, and the other between the upper angle of the first anal 
and the left margin of the first radial to the right. The next series 
of anals consists of three smaller plates placed side by side, and 
these are succeeded by three more that are not fully exposed. 

Column unknown. 

Position and locality: Upper shales of the geode bed, one mile 
below Keokuk, Iowa. 
No. 403 of Mr. L. A. Cox*s collection. 
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PAL.E«_iNTOLOGY OF ILLINOIS. 



ruTEKKM-IU^tUB OCC1I>ESTUJB, WortbeO. 
PLXXTU. Fi«.t 



lUly cu]>-.-liapt'i], aUjut tvire as wide as high. Base depieued, 
the Ijasal- timnil and liiiUen under tbe first columnar joints. Sob- 
ni-1iriN livsafional and beptajional, the lover angle carving under to 
form n part of tbe bii^al concavity. 

i::t<li:its [H-iitariLtilar. nearly tvice as wide as long, with a gaping 
Mitiirc- letntoti them and tbe brachials. 

Iir:i<-hialTi on four of tbe rays pentaognlar, widest below, slightly 
non^-tricteil in the middle, and angular aboTe, supporting on their 
sl'iping sidi-s tbe first division of tbe rays. Another bifnrcation 
t»kei« idace on the tenth plate al>ove tbe brachials in these fonr reya, 
Wyond which they are simple to their extremities. The anterior 
hrarhial is 'luodransulnr. constricted above, and supp<wtB a single 
arm. making IT arms alt<igether for tliis species. 

The anal side of the specimen is distorted so that tbe number and 
furni of thf anal plates cannot be clearly determined ; bat three oan 
Ijc Hten ; the second one much larger than tbe others, and apparently 
arnini,'i'il as usual in this geiuifl. 

Cottiinii nioderatt'Iy stout, round and composed at tbe summit of 
evi'iilv'sizi'il plates, that alternate with thinner ones below. 

This Kpfcifs is nearly rtlated to Pot. (Scapk.) unican, of Hall, but 
difK'rs e^isentially from that in the number and bifurcation of the 
armH. 

I'lixiii'iH iiifl liiniliti/: Upjier beds of tbe Keokuk limestone, Ham- 
ilton, Illinois. 

Ni). 17(1 of Mr. L. A. Cox's collection. 



I'OTKRlOCRINtS A8PEB, WortbeU. 

ri. xxvir. Tig. 8. 

UHCum III Natural History, p. II. 

Body of m(;diuin size, basin-Bbaped, base slightly depressed, the 
i>iisat jiltitoK lii'inf; concealed by the columnar joints. Subradiala i 
]ir('itiiiient, length and breadth about equal, the lower an^ea I 
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a part of the basal concavity, and the upper angles depressed to 
correspond with similar depressions in the lower margins of the 
radial plates. 

Eadials short, about as wide as long, pentagonal, depressed at 
their lower angles, with a gaping suture between them and the suc- 
ceeding brachials. 

Brachials two, the first quadrangular, the second sharply angu- 
lar above, and but little narrower than the radial series. A slight 
angular prominence extends lengthwise across the brachial plates, 
and the same may be seen on the lower portion of the arms under 
a good glass. 

Arms on the anterior ray, after the first division on the second 
brachial, divide again on the fourth and sixth plate, and both the 
outer divisions again on the eighth plate, while the inner one ap- 
pears to be simple after the second division, thus giving six arms 
to this ray. The antero-lateral rays appear to divide once more, 
giving eight arms to those rays. 

Arm pieces rounded, moderately wedge-shaped, and diminish 
rather rapidly in width toward their extremities. Delicate pinnules 
are given off from their longest sides. Anal plates and column un- 
known. 

The depressions at the angles of the body plates, give a rugged 
appearance to the body of this species, and will serve to distin- 
guish it from the other forms with which it is associated. 

Position and locality: Upper part of the geodiferous shales of the 
Keokuk group, one mile below Keokuk. 

No. 191, Mr. L. A. Cox's collection. 



POTERIOCRINUS BRLERIUS, WorthcU. 

PL XXVn. Fig, 4. 

Poteriocrinus hrioeriuSt Woethkn, February. 1882. 

Bulletin No. 1, of the Illinois State Museum of Natural History, p. 12. 

Body of medium size, cup-shaped, base depressed; the basal 
plates small, not extending beyond the columnar facet. Subradials 
prominent in the center and depressed at the angles, three hexa- 
gonal and two on the posterior side rather larger than the others, 
and heptagonal. 
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rAr..Ki)NTOL(>GY OF ILLINOIS. 



Il:i«lisil- ptiitai/«»ii:tl. nt-iirly iw'irt as wiilc as long, depressed on 
I lit if Inwi !" iii:ir^'iiir< t«» foiTf^^iMiiiil with th»- depressions in the &t;1.- 
ijiiliiil |il:iN-. I'lifv ar»' <'*»nstrictt«l across the middle, and pr«:'j'e«:- 
!!:/ on till ir iipiicr iiiarL'iiiH, with a di>tiiict suture between them 
:ni 1 l)j< I'l'ii'-liiril ])lat4'.-. 

Ill * )ir:i'iii:tl (|i]!iili-:uiLMiInr, th*/ M-cond pentangular, sharply an- 
" il;ir ;il"M-. L'i'. iiiL' supiinrt on its upper sloping angles to the fir^t 

• li". !-;i'ii iif tin- rJi\*. 

'1 !:• :n!ii-i 111! th«- thri<* anterior ravs. after their first division on 
i)i<- -I ' iin«l r:i'li;ils. (li\i<i<' at least four times, and one of them, the 
1« ft ant* n' lalrial ni\ live tinu->. tlie «livisii>n in every case taking 
].l:iri- fill thi ont« r l»iancli. as in /f*^'/in;///x. while tht* innt-r branches 
f-niitiiiii. Mii^'l*- to tln-ir « \tnniities. The divisions jjrenerally occur 
• >ii till- M\tli. ci^'Iitl). tut'lfth or >i\t(.'enth plate, making ten arms to 
f,s..nf tlitsf ra>s. wliiili is jirohaMy thr nonnal number, and tleven 
to tip nihi'i. On tip postfiior ray>, these divisions take place on 
till- f.Hirth. ^i\tli iind ♦ i;;litli platts. This ^ives an arm formula of 
lifl\ :irm-. a> tlit- normal nunil)er for this spet-ies. 

l-ii-t an:il )i)atr lH'\:i<;oiial. al»out as largt* as the smallest sub- 
r:i<li:il-. rcon<l luul tliird ratlu*r ^mailer than the first, and all 
ari.in:'*'! a- u-ii;il in tlii^ «:fnus. Thty are all depressed at the 
:iii-'lir. tiiMii;^')! imt (iiiitf so much as the other plates of the body. 
( oliiriin uiil-.iio^sn. 

/'- ih'Hi mill hnfilitif : l'i»in.i' ])art of the jreodiferous shales of the 
Imoi.iiI. :')oiip, mil' mill- hclow luM»kuk. 

N-. . UMi :iM*l l>^.*i of Mr. L. A. Cox's collection. 

ri-ii.ij'M KIM s Asi'KKATrs. Wortlicu. 



II. WVIII. 1-Ikm'. 

/-..', ,. . ■' . .1 . . -.f ■-. N\ I'l:! in s. r»'l.riiin > . iNvj. 

i; .i;. -iti Ni- I.--! :lif i::iii<'i' Smv' MuM'iiin uf Natural History, p. 12. 

\\iu\\ .1. |iir-.-r.l, forminir a low sauccr-like cup below the summit 
(,f tlir ra.iiMl plair-. Ilasr depressed, and basal plates concealed by 
tlic upper I'olnnniar joints. Subradials small, their lower angles 
i-niici ;il« .1 ill tlie i»a.-^al concavity. 

UMiilai^ aiH)iit twiee as wide as lonjij. pentagonal, without any well 
(jrlineti suture i»etween them and tla.' tirst brachial plates. 

i;rachi:ils two. aiuuit the sanu' .size as tlie radials, the first quad- 
ran^'iilar, and the second pentanjiular. givinj^' support above to the 
lirst divisions of the rays. 
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Arms composed of rounded, nearly quadrangular joints, and after 
the first division on the second brachial they divide twice more in 
the posterior rays, first on the seventh, and each division again on 
the tenth plate, making eight arms to each of these rays. The 
other rays are partially embedded in the matrix, minute projec- 
tions are visible with a good glass on the outer side of the arm 
plates, that give a roughened aspect to the whole specimen, and has 
suggested the specific name, and will also serve to distinguish it 
from nearly related species. 

Anal plates so closely anchylosed that their forms cannot be 
clearly determined, but the first one rests between two of the sub- 
radials, and is succeeded by a double series of smaller plates that 
apparently go to form the base of the ventral tube. Traces of 
coarse striae, or rows of granules, extending across the brachial 
plates, as well as the radials, can be seen with a good glass. 

Column round, composed of rather even joints, with numerous 
delicate cirrhi attached to it at short intervals. 

Position and locality: Upper part of the geodiferous shales of 
the Keokuk group; one mile below Keokuk. 

No. 234 of Mr. L. A. Cox's collection. 



POTERIOCRINUS ABACHN^FORMIS, WorthcU. 

PI. XXVni. Fig, 12. 

Poteriocrinus arachnaeforrnia, Wobthen, February, 1882. 

Bulletin No. 1, of the Illinois State Maseum of Natural HistorF. p. 18. 

Body small, obconical, length and breadth about equal, gradually ' 
swelling from the base to the summit of the radial series. Basals 
projecting more than half their length beyond the column, and 
forming by themselves a low, pentagonal cup. Subradials compar- 
atively large, three hexagonal, and two heptagonal. Radials smaller 
than the subradials, the articulating scar semi-circular, and occu- 
pying only about half the width of the plate, with a projecting 
rim around its outer margin. 

Only one anal plate is preserved in the specimen under descrip- 
tion, which is about half as large as the largest of the subradials 
between which it rests, and it extends up to the summit of the 
right posterior radial. The left posterior subradial is truncated 
at the summit for the support of the second anal, which is not 
preserved. 



2S2 PALJEOSTOLOGY OF ILLINOIS. 

Only one of the rays is partially preserved. In this there are 
tive l»^a€hi;il^. Xhv last one of which ia an axillary plate, and sup- 
ixirt-^ till' first divi^iiins of the ray. one of which divides again on 
the thinl plate. I^ryond which the arms are not preserved. The 
arin.s are rompi's<.Ml of long, t^lender, rounded joints, generally twice 
as long as wide. 

Column unknown. 

puMltioti awl I'Muditu : Ke4»kiik limestone. Warsaw, 111. 

No. 'J.liVl, Illin«'is State collection. 



Pi»TKRHx'Rixi*s Xai'vooexsis, Worthen. 

PI. XXVIII. Fie. 10. 



pttttri'ttrniuf .V<i>iro«<^njii>. WoKTiiEN. February. 

Uiilli'tin N'f. 1. of the Illiiioi*^ 8tate Muireum of Natural History, p. ISL 

l^oily small, eup-shaiiod ; the plates being displaced somewhat by 
crushing, prt-vents a complete diagnosis. 

Basals small, and liitMen by the first columnar joints. Sabra- 
dials as high or hijjher than wide, and sharply angular above. 
Hadials peutaizonal. wider than long. First brachial quadrangular, 
se('on<l I>rachial pentagonal, and both as wide or a little wider than 
the radials below. 

The arms of only one of the rays, the left antero-lateral. is pre- 
SLTve<l so that its structure can be made out. This ray divides on 
the second brachial, and the left branch twice more on the sixth 
and eighth plate above, while the right branch divides at least four 
times on the sixth and eighth plates, making at least eight arms 
to this ray. Anal series cannot be seen clearly enough to be fully 
determmed ; they are apparently arranged as usual in this genus. 

Column round, and composed of thin, unequal joints. 

This si)ecios is evidently nearly related to Hall's Po*. (Seaph) 
f/qualisy but diifers from that in the relative size of its subradial 
plates, and in the numb(T and mode of bifurcation of the arms. 

PositloN and locaUtij: Keokuk limestone, Nauvoo, 111. 

No. 2,ir)r), lUinois State collection. 
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PoTERiocRiNus Otterbnsis, Worthen. 

P1.XXVUI. Yig.i, 

Potenocrinus Otterensia, Wobthbn, February. 1882. 

Bullotin No. 1. of the Illinois State )(useum of Natural History, p. 14. 

Body above the medium size, basin-sbaped, about once and a 
balf as wide as higb, base depressed and the basal plates hidden 
by the column, which is quite stout and pentalobate where it joins 
the body. 

Subradials about one-fourth wider than long, the lower angle 
curving inward to form a part of the basal concavity. The center 
of these plates is smooth and a little protuberant, with four deep 
indentations on their borders, two of which are lateral, to meet 
those of the adjacent subradials, and two directed obliquely upward 
to meet similar depressions in the radial plates. 

Radials wider than long, constricted across the middle, and pro- 
jecting on their upper margins, with two slightly oblique depres- 
sions below, that meet two of those in the subradial plates. They 
are pentagonal in form and support on their upper truncated mar- 
gins the brachial series. 

Brachials one to each of the postero-lateral rays, smaller than 
the radials, slightly constricted, and sharply angular above, giving 
support to the first divisions of the rays. Arm structure unknown. 

Three anal plates are visible, the first nearly as large as the sub- 
radials, the others a little smaller, and all having from four to six 
depressions around their borders that correspond to similar depres- 
sions on adjacent plates. The anal plates have been shoved out of 
their true position by the crushing of the specimen, so that their 
relation to the adjacent plates cannot be clearly determined. 

Position and locality: This unique form was obtained from the 
Keokuk limestone, on Otter Creek, Jersey county, 111. 

No. 2,466, Illinois State collection. 



PALEONTOLOGY OF ILLINOIS. 



POTEMOCBINVS BUBRAHTLOSUB, WoitheD. 

PI. xxvii. n«. 6. 



I}<)dy tiirliinnto or olK-onical, higher than wide to the top of the 
niilial Keries, and composed of very thin, emooth plates. Basals 
triinentt.* below, about aa high as wide, and forming by themselves 
a Hmull patagonal cup a Uttle more than half as high as wide. 

Kiibradiabi altout twice as large as the basala, four of them hexag- 
onal, and two on the posterior side larger than the others and bep- 
tatjonul. Only two of the ruys are preser^'ed in the specimen before 
me, and in one of these, the right poeterior one, the radial plate 
appears to be quadrangular, and rests directly upon the upper mar- 
gin of the lai-t^e posterior subradial below. In the left antero-lateral 
ray tiio radiul is peiitniigular, its lower angle fitting in between two 
of the subradialu, a» is usually the case in this genas. 

Brachials two, the first quadrangular, and the second pentangular, 
both wider than long, and the last supporting on its sloping sides 
the first divisions of the rays. The arms in the right posterior ray 
divide again two or three times, first on the seventh plate, and the 
outvr branch twice more on the eighth and twentieth plate, and the 
inner division at least once more about the twentieth plate, making 
as many as ten arms to this ray. The left antero-later&l ray, after 
its first division on the last brachial plate, gives off branohes in 
each division on the eighth plate, tbe outer division dividing twice 
moro on the eighth and twenty-second plate, and the inner division 
once more on th(3 twt'nty-second plate, which is as far as tbe arms 
can be traced. There aro at least ten arms each to these two rays, 
ami piHsibly more. The anterior ray is but partially exposed, and 
Kecra» to have an axillary plate about the twelfth series above the 
last brachial. The first iinal plate is nearly as large as the smallest 
subradial, and rests between two of them, and a smaller seoond 
anal iCMts ujion the first, above which a double series of small 
pliites may be seen that probably form the base of a ventral tnbe. 
CohiD^n rather stout, the first plates covering the whole diameter of 
the truncated base. 

This species is closely rclat-ed to Pot. eoncinmu, of Meek and 
Worthen, Ueol. Surv. of 111., Vol. 5, page 490, pi. 14, tig. 3, I 
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differs from that m its more elongate body, tLe very thin plates of 
which it is composed, as well as in the number and mode of bifur- 
cation of the arms. 

Position and locality: Keokuk limestone, Eeokuk, Iowa. 

Collection of the author. 



FoTERiocRiNUB RicHFiELDENSiB, Worthen. 



Bullelln No. I. < 

Body small, turbinate, length and breadth about equal. Basals 
moderately large in proportion to the entire body, projecting above 
the columnar facet so as to form a shallow pentagonal cup. 

Subradiala larger than the basale, the two on the posterior side 
the longest, and hexagonal. 

BadialB wider than long, pentagonal, with a well defined and 
rather gaping suture between them and the succeeding brachials. 
In the right posterior ray the brachial is twice ae long as wide, 
pentagonal, supporting on its upper sloping sides the first divisions 
of the ray. In the left posterior ray the brachial is divided, mak- 
ing two brachials in this ray, the first quadrangular, and the second 
short and pentangular, but I am inclined to regard this as acci- 
dental, and to believe that one brachial to each ray is the normal 
number. 

The first anal plate is a httle longer than wide, hesagonal, and 
rests between the sloping sides of the two posterior subradials, and 
partly under the left side of the right posterior radial. The second 
anal is a little larger than the first, and rests on the upper margin 
of the left posterior subradial. The third annal is smaller than the 
others, and rests upon the first. 

Arms composed of rounded joints, not wedge-shaped, and divide 
the second time on the eighth plate above the brachials, beyond 
which they are simple in the posterior rays, the only ones visible 
in oJix speoimen. 

Coloom round, composed of short joints, and rather thicker at 
tha bue of the calyx than below. 

PouAtm amd locality .- Shaly sandstones of the Einderhook group, 
uoar Itichtjeld, Ohio. 

No. 2,471. lUiuois State collection. 
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r4)TEHi(K:iuNus FouNTAiNENSiSy Wortheu. 

PI. XXX. FI«.II. 

/'ri/fi-it'rifiMjt Fuuu(ainfhitiit, WoBTBEsr. Febninry. 1H82. 

Bullotin N<>. 1. of the Illinois State Museum of Natural History, p. 17. 

Body under mt'dium size, rapidly Rpreading from the base to the 
top of the radial series, where it is abont twice as wide as high. 
Hsisals small and concealed by the first columnar joints. Snbradials 
hexac^onal and lieptagonal, length and breadth about equal. Radials 
once and a half as wide as long, pentagonal, with a well defined 
suture between them and the brachial plates. Brachials about twice 
as long as wide, pentagonal, and narrower in the middle than at the 
ends and supporting two arms on their upper sloping sides, the 
brachial on the anterior ray being longer and more constricted than 
the others. Arms apparently but two to the ray, and composed of 
long zi|;zag joints, constricted in the middle and giving off on alter- 
nate sides from their upper angles strong pinnules, that are about 
half as large in diameter as the arms. 

The first anal plate is nearly quadrangular in form, and rests be- 
tween two of the subradials and under the left side of the right pos- 
terior radial. The second and third are a little smaller than the first, 
and above these there is a double series of small plates that extend 
up to the base of the ventral tube. 

This species is rather closely related to Pot. (Scaph.) intemodiuSj 
of Hall, Iowa Report, part 2, but differs from that in the form and 
proportions of the plates of the body, and in the zigzag arrangement 

of the arms. 

roHition and locality: St. Louis limestone. Fountain creek, Monroe 
county, Illinois. 
No. 2,4.j5, Illinois State collection. 



^oTE.—Tha Scatifiiocrinus derahracttintiis, S, internodiits, S. ticoparius BXkdZeaerinus 
intennt'diiia, describe*! Iijr Hall in tlie Iowa Keport. part 2, were collected by the writer, 
iiiKi were all fruin the St. Louis llmostouo and not from the Chester ffroup, a faot that It 
is nooossary to hear in mind in tho idontifleation of these species with those from other 
lo<»alitieft. 
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PoTERiooRiNus Talboti, Worthen. 

PI. XXX, Fig. 7. 

Poteriocrinns ToZfro^, WoETHEN, FebniUT. 1882. 

Bulletin No. 1, of the Illinois Btate Museum of Natural History, p. 17. 

Body very short, basin-shaped, base depressed, and the basals 
hidden in the basal concavity. 

Subradials short, curving inward below to form by their lower 
angles part of the basal depression. 

Radials pantagonal, twice as wide as high, widest at their upper 
margins, and truncated squarely across for the reception of the 
brachial plates. 

On the anterior ray, there are six or seven brachials, all becoming 
narrower upward so that the last is only about half as wide as the 
first. The last one is an axillary plate, and supports two arms that 
continue simple to their extremities. The other rays have but a 
single brachial, which is as large or larger than the radials on which 
they rest, pentagonal in form, and give support on their upper slop- 
ing sides to the first division of the rays. On the left antero-lateral 
ray the arms divide on the sixth plate, beyond which they appear 
to be simple, which would give four arms to this ray. If the pos- 
terior rays, which are concealed in the rock in our specimen, cor- 
respond with the antero-lateral ray, it would give eighteen arms to 
the entire animal. Anal area and column unknown. 

I take pleasure in dedicating this species to my esteemed friend, 
Henry Talbot, Esq., of Waterloo, to whom I am indebted for many 
acts of personal kindness, and for some interesting fossils. 

Position and locality: St. Louis limestone, Monroe county, HI. 

No. 2,470, Illinois State collection. 

PoTERiocRiNUS VALiDus, Wortheu. 

PI. XXVni, Fi«. 16. 

Poieriocrinua validut, Wobthen, February, 1882. 

Bulletin No. 1. of the Illinois State Museum of Natural History, p. 18. 

Body more than twice as wide as high, forming a low, shallow 
cup. Basals small and concealed by the first colunmar joints. 
Subradials hexagonal on the anterior side, strongly protuberant in 
the middle and depressed at the angles, giving a very rugged ap- 
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])oarance to the outer surface of the body. Radials pentagonal, 
uluMit twice as wide ns lon^, depressed at their lower angles to cor- 
respond with tlie depressions of the subradial plates. 

hraohials two. the lirrtt quadran^jfular, and the second pentangular, 
su)>portiii^' on tiieir upper sloping sides the first divisions of the 
rays. All tlie plates to the top of the second brachials possess the 
nipfc^ed character mentioned above. Anal series unknown. Arms 
not preserved on the anterior ray, but from the partial preservation 
of those on the posterior side there seems to be not more than two 
to each ray. Column round and rather delicate, composed, near 
the body, of johits of unequal size. 

Grnhhiiral ponlt'um and locaUttf: Warsaw beds of the St. Louis 
^Toup, Warsaw, 111. 

Xo. 2,4Gli, Illinois State collection. 



PcTKuioc'KiNis Claytonensis, Worthcn. 

PI. XXX. y\k. c. 

I*ttteri'trriuiis Ctai/titnenitis, Wouthen, Fobninry, 1X82. 

Bullet ill No. 1, rif the Illinois Statu Museum of Natural History* P< 19. 

])0(ly of medium size, basin-shaped, about once and a half as 
wide as hij^'h to the top of the radial series. 

liasals small and entirely concealed in the basal concavity by the 
first columnar joints. Su])radials nearly or quite as long as wide, 
their lower angles curvinjx into the basal concavity. 

Kadials once and a half as wide us long, pentagonal, and tron- 
cateil siiuarely across the upper margins for the reception of the 
hrachial series. 

Ih'achials on three of the rays about the same size and form as 
the radials, and give support on their upper sloping sides to the 
Ih'st divisions of the rays. 

The arrangement and number of the arms cannot be determined 
from the specimen in hand, but in the right antero-Iateral ray a 
l)ifurcation takes place on the sixth plate above the brachial, be- 
yond which the divisions are unknown. The arms are composed of 
wide, short (luadrangular plates, as in Zvacrinm^ and would be 
closely joined when folded as in that j^i^-nus. Three anal plates are 
preserved in the si)ecinien under examination, the first one pentag- 
onal, resting between two of the subradials, and partly under the 
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sliping side of the right posterior radial, the second and third are 
smaller, one resting on the top of the loft posterior subradial, and 
the other on the first anal. 

Column rather stout, the upper joints filling nearly the whole 
concavity of the base, and composed of thick and thinner joints 
alternately arranged. 

Position arid locality: Warsaw beds of the St. Louis group, near 
Clayton, Adams county, 111. 

No. 2,460, Illinois State collection. 

PoTERiocRiNus Illinoiensis, Worthen. 

PI. XXVIII, Fljf. 17. 

Poteriocriniis lUinoienxia, Worthen, Feb. 1882. 

Bulletin No. I. of the Illinois State Museum of Natural History, p. 19. 

Body of medium size, obconical, gradually tapering from the sum- 
mit of the radials to the base. 

Basal plates of moderate size, projecting more than half their 
length beyond the column, and forming by themselves a low, pen- 
tagonal cup. 

Subradials as large or larger than the radials, two on the pos- 
terior side heptagonal, the others hexagonal. 

Eadials rather wider than long, pentagonal, and truncated squarely 
across their upper margins for the reception of the brachial series. 

Brachials rather smaller than the radials, pentagonal, a little con- 
stricted above, the upper angle obtuse, and gi\'ing support to the 
first divisions of the rays. The arms are not preserved, in the only 
specimen yet found of this species, but from the very narrow plates 
that are to be seen in one of the rays, they probably continue sim- 
ple above the first division on the brachial series. 

First anal plate longer than wide, pentagonal, and resting be- 
tween two of the subradials, and partly under the right posterior 
radial. Second anal larger than the first, hexagonal, and resting 
on the summit of tlie left posterior subradial. Third anal smaller 
than the first, on which it rests, and above this a double series of 
small plates are parily visible, that probably formed the base of the 
ventral tube. 

Column round, and near the base composed of joints nearly equal 
in thickness. 

Geological position and localifif: Warsaw beds of the St. Louis 
group, Warsaw, Illinois. 

No. 2,457, lUinoiB State collection. 



•J * 
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roTHKKMuiMs Vauso-.iknsis, Wortlieu. 
ri. xxviii. yih.Vk 

r.ii J«-*i!: N'». 1. -f ;!.»• Il.ui.'ix Sfatt' Mu«<i'Uiii «•( Nutunil Hi^i«»ry, \k I*'- 

Hody I>rIo\v till* iiirdium size, basin-shaped, a little more tbau 
tvvict* as wi.lf as hijjh to tlif top of tin? radial series. 

I>aso deprissid, till' l»a<al platis ami the lowt-r angles of the sub- 
radials foniiiiiu th»* l»asal de]iivssion. 

Suliiadials on tht.» antfri<>r side hexagonal, sharply angular above 
and cxtoutliii^' up about half tlu' b'n^'lh of the radial plates. 

liadials ]hnta^'onaK widir than high, the articulating scar occu- 
pyini; tin* I'litirr width of tin- ]»latf. with a well-delined suture be- 
twron till' radial and brachial serifS. 

r.nicliials. twii to the ray on the anterior side, the first quadran- 
j^nilar and ilit- st(*ond iK-ntagonal, sharply angular above, and sup- 
port im: on thoir >lopin«^ sidis tlu* tirst divisions of the rays. On two 
of thf rays tlu* arms bifurcate aL'ain on the sixth plate above the 
brachial st rios, beyond which tluy are unknown. All the plates of 
tlk' bndv arc linclv nmo.^o. Anal series unknown. 

Column ^liudItly pcnta»ronal where it joins the body, and composed 
of altcrnatr thin and thicker joints, but below more massive joints 
are intercalated at slmrt intiTvals. 

UffltHfirnl jh>yitn>)i and InoiUtij: Warsaw beds of the St. Louis 
L'roup. Warsaw. Illinois. 

No. li. J.-xS. Illinois State collection. 



roTHKiorniNUs sriNor.iiAcniATUS, Worthen. 

ri. XXI \. Fitf. 1. 

!\>', ,-,.., .• „. .^ ./ . ,,.' ,,i. '..,1* •>•. Wi'iiTnr.N. Fi'l.niary. l^^i 

liody of nn-diuni si/c, basin-s»haprd, about twice as wide as high 
t<» the toi) of the radial series. IJase shV'htly depressed, the mider 
l»asals ^lIlaIl and concealed by the lirst colunmar joints. 

Subra«lial> about as widi' as bii^b. the lower angles curved inward, 
forniini' a part of tin.' ba>al concavity. 

llailiaU al.M»ut om-fourtb wider than lon^', pentagonal, the upper 
margins concave, lea\iujj[ a jjiapin.u suture between them and the 
brachial plates. 
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Brackitils pentagoiinl, about as long as tho radials, compressed 
latenilly, so as to form a rather prominent ridge across the middle 
of the phito, ending at the upper angle in a rather obtuse point. 
All the l)ody plates, including the second radials, are marked with 
rugose striations directed from above do\vnward to the base, giving 
a rugose appearance to the surface of the body. The brachials arc 
sharply angular above, and support the first arm plates, whieh are 
triangular, and one on each brachial is produced in front into a 
little node that covers the projection at the summit of the brachial 
plates. The succeeding arm plates are short, wedge-shaped, except 
the axillary plates, which are longer than wide, and produced out- 
wardly into an obtuse point. All the other plates of the arms, 
where well preserved, show short spiniferous nodes on their outer 
margins. 

The arms, after their first division on the brachials, divide again 
on the eighth or tenth plate, and the outer division once or twice 
more on the sixteenth to the twentieth plate, while the inner 
branches continue single to their extremities. 

Column round, and near the top composed of short plates, the 
alternate ones projecting beyond the others. 

Anal plates unknown. 

This species is evidently related to the crinoid figured by Yandell 
and Shumard in their "Contributions to the Geology of Kentucky," 
without a description, but if their figure is correct, our spoecis 
diflfers from their ''Cyathocrhim Jlonuilis," in the form and relative 
proportion of the body plates, as well as in the bifurcations of the 
arms. 

Position and locality: Chester limestone; Monroe county. 111. 

No. 2,436, Illinois State collection. 

PoTERiocRiNus Salteri, Worthcu. 

ri. XXIX. FiK. IJS. 

roteriocrinuit Salttri, WoBTUKN', Fobrunry. IHS2. 

Bulletin No. 1. of tho Illinois State Museum of Natural History, p. 21. 

Body small, basin-shaped, rather more than twice as wide as high. 
Base depressed, and basal plates concealed in its concavity. 

Subradials about as long as wide, those on the anterior side 
hexagonal, the lower angles curving into the basal depression, 
protuberant and slightly depressed at their upper angles. 
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Ua<li«'ils ]Kiit:in;:ular. nlmiit once and a half as wide as long, 
sli^'litly tlcpitssiMl :it tlicir sides and lower angles, and sbowiug a 
distiu.-t siitiin* ;il«o\v. wla-rr they join the hraehial plates. 

J!r:icliials two to tlie aiiti-rior ray. the lirst one of which is quad- 
raiij^Mihir. and widrr tJian hi^h. Tlie seconil is pentagonal, longer 
than wi.li'. its iipinr anj^'U^ produced into an obtuse node, and sup- 
lM»rtinfr on it^ np]uT sl<>])ing sides the lirst divisions of the arms. 
The two anton^-lateral rays have a single brachial, about the same 
sizf anil form of the srcond hrachial on the anterior ray, and sup- 
jiort on their upper sides the tirst divisions of the rays. 

The arm^ tin* conipose<l of rounded, quadrangular joints, and all 
dividr au'ain on the sixth ]dato a)»ove the brachials, which is nodose 
like tile brachials, and bi-yond this they appear to be single to their 
extninitio. givini: four arms to each ray. Pinnules rather strong, 
and are ^iveii otT on ahernate sides from the upper margins of the 
arm ])lates. Anal ])lates unknown. 

Cohmni round, roni))<»sed m-nv i\w body of thick and thinner 
joints alternately arran«:ed. 

rnsifiun (in, I h,rtilitif: Chester limestone, Chester, 111. 

No. '2,4 li». Illinois State ci»llection. 

I take ]»leasure in dedicatin*,' this pretty species to Mrs. J. C. 
Salter, ol Chester, in recoj^niition of her enthusiastic labors in col- 
Ie«tiiiu' the fossils of that very interesting locality. 



INnF.KiocuiM^ scn.iTis, Woi*then. 

ri. XXIX.FiK'.^. 

/•t,'. ■,<.,•! •!.•■.< .•"■-'■;,',/.,. Wiii::]{rN. V»-l.ruarv, I>s-J. 

l;-.l!.::ii N". I. . ! lln- lllin. i- Siai" Mu-^-Mini nf Natural History, i». l!l. 

liotly of medium si/.e. l)asin-slia]>ed. about twice as wide as high 
t(^ tlir top of tin- ra<lial series. 

r.jisi- •lri)res>ed. and the basals nearly concealed by the upper 
joint > of a lar^^'e pentalohate eolunni, composed of thin plates with 
crenulaleil mar;iins. The outer anodes of the i)asals are barely visi- 
l»li- in tin* ))rnt:ilt)li:ite de])ressi»»ns of the column. The column de- 
en a ^rs rather rapidly in '>i/.e below its junction with the body. 

Suhradials a litth' wider than hi«,di. the two posterior plat-es a 
little larger than the others, and all cnissetl hytwo or three rounded 
rid^^.'s that rulminattj in the center of the plate in a sharp node. 
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Radials pentagonal, nearly twice as wide as high, with a sbar]) 
node in the center corresponding with those on the subradials, with 
distinct ridges extending obliquely from the nodes to meet those on 
the subradial plates. 

Brachials two, the ilrst quadrangular, half as long as wide, the 
second pentagonal, about as long as wide, and sharply angular 
above, supporting on its u]>per sloping sides the first arm plates, 
which are only preserved to the sevt^nth plate above the last brachial 
in our specimen. The brachials and the arm plates as far as they 
are preserved arc s])ine-bearing. 

Two anals are preserved, the first is al)Oiit half as large as the 
large subradials between which it rests, the sectond is smaller and 
rests on the truncated ui)per margin of the left i)osterior subradial, 
and both ornamented like the subradials. 

This species is apparently related to Z. Siimjysoni of S. S. Lyon, 
but differs conspicuously from that, in the number of its brachials, 
as well as in minor details. 

Position and hcality: Chester limestone, Monroe county, 111. 

No. 2,445, Illinois State collection. 

rOTERIOCRlNUS CoLLMIilENSIS, Worthcn. 

n. XXIX, FiK. c. 

PoterionrinuK Cohtmhinisis, Worthen, Fobruary, 1882. 

Bulletin No. 1. of the Illinois State Musoum of Natural Ilistory, p. 22. 

Body small, turbinate, rapidly spreading from the base to the 
summit of the radial ])lates. 

Basal plates small, projecting al)Out half their length beyond tlie 
column. Subradials about as high as wide, three hexagonal, and 
two on the posterior side a little birger and heptagonal. 

lladials pentagonal, a little wider than long, exeei)t the one on 
the right posterior ray, which is narrower and nearly quadrangular. 
BracOiials al)Out twice as wide as long, rounded and constricted in 
the middle, ])entagonal, supporting on their upper sloping sides two 
arms that continue single to their extremities. 

Ai'ins composed at their base t)f long, rounded joints, twice as 
long as wide, but decreasing in length above, the joints projecting 
laterally for the snppoi-t of strong pinnules which are given off from 
each plate on alternate sides. Arm plates slightly cuneate in form, 
antl the lateral ])r()jections give a zigzag a])pearance to the anns. 
Phniules composed (^f round joints that are twice as long as wide 
where they join the arms. 



•J'.M l'AM:«>N'n>l.(MiY OK IIJ.INOIS. 

Tlu- i':r-t .ii::!! i- rntlii r -iii:r!li r tliiiii tin- .seroinl. jiihI n^tr* Ik - 
tw. .:: iw.i i.t :•.. •.•;l.i:i.li:iN :in«l :iLr:iin-t tlie riu'lit iH»>trrii»r r;i«lial. 
:i'.l • \?' 1.1- :-' T:i- -uiJiiiiit of tlirit phitr. 'I'lir >Oc-niiil r:icli:il Yi^>X^ 
«"i tii- lij'iM ;■ i!.;;ri.iii .'f tin- It ft i»«.>ii-rinr >ul»r:iili:il, siinl tin- tliir«l, 
wli.'li i- -Ili:ili. I ti.un till tir*-t. li'-ts lll»nli it, ainl ixtrllils llji tn 
til-- nn-i-Mi •••' th. l«r;n-lii:il nn tin- riizlit. 

(ni mil! r.»in:'l. l.iit "iily a Uw j«'ints an- attaclitil to tin- s]Hfinun. 

Tis;- ^|.. .i. - !- c|.«-. ly ;illii<l t«» /*".*. iSmph.^ iiit, rnntihiJi of Hall, 
l-'i? il;?*. :- !rM]ii t!i:it m tli»- l«»riii of it> railiaN. Init nion- r>|u-cially 
in !*- I"i." /."/:i'j nnii-. 

l',.>'if. ■>> ,11, { Ir.illt.f : ('In >ti r li]M«-ti«ih. in ar Ct»lnnil>ia. Moiir«»i* 

f-':i"t\. lii. 



I'l'i i;i:iiM liiNi < i i.Nri<. Wortlirii. 

I'l. XXX. I iV. 1". 

/' ' -■ • . s .. \Vi'!.: iilN, I'. »ir:. .•••;.. l^vj. 

r. . ■ '11. \- . I. r ••:•• I •: •••. Sia-.- M-.-fWii! ..f Na'iir.8! Hi-'t-Tj-. p. !•;. 

I'm-Iv -'Mill. .'!■«•. .i:i,-:il. !- ii'jtli aii'l I'Ki ailtli at th«* tojMif tla* rmlial 
I'!:!'' - :i!-''it .■j:.il. I*.:i-' t riii.-iiti .|. tin- l»a^al i»latt'S forminjx l»y 
t ":.■ !•;-. ;■.. - .1 I-/, j-i ii!:il:"J-!: ••il'. Snlira'lial> al)oiit as wick' as 
^ = ..' . liiK.i'- I" i.t;;- .ii:}!. !-!.■: li a !i.l wi'ltli :i]»|ianiitly aluuit i'qiial. 
.'' i ..•;■■'•• .'I ti.ji' :i:'|" i- i;i:ir-..','ij- a ^iii":!' -i ri«< i»f loiij;: sKaider 
.i!i!i :■:■:!■ -. i:;;i !•. : ! :■ l-it \\\\ .'ii'!!:- ^• till' t-iitiri- aniiiial. 

'I' . 'i-i :i:': j"! I*. - .'^ :ii.- t\\.. i;i\- that an- >Iio\vn in the spt'ri- 
1:!' 1: i" '• :■' i".-. .'i!' i! 1. 1 "!* f'-ar iiiiM«> a^ loii'j as wicK-, ainl aluive 
iL- •• ' v\> - ■•! {. n .•!■ tw. !\.- -Ii'»ii.r |»lat«'H an- lU'i'Si-nvd. all 

I-'. :■.■!■ 'i • ti :ii;i!i\ all.! •/. !i< rally l«'ni'«r than uidr. Tlu* anal 
!''.;i'' - Mi't (•].!> |>'.ii::||\ |.r»-ir\r.|. \n\\ tlif \^^v\\\ of tlio lirst can l»c 
(•l''i;> ■■ < !i. ji i jM lit.Mi' iil:ir. mii-I rr-t> Imiwiih two snbradials, 
.!!:-( i.'.i'l. r I!, li'ii: |'.-t. ri-o- }-.'i.ii:il. AI'mv*- this, ]tart of a short 
'■> .'lii' .••■il •.tii'i.ij ti;h. i^ |»n-tr\,.l. |,*i in.-iin-; i^{ short dt'lirati' 
I'M!. :l. - 'iiii Lf -. . n. .•iM.i.i.. .1 ;,i tj;, jniK-r l...nh'r> of some of tho 

::l 111 I'l i'- -. 

<''l.;':'' :-i:l-r -\"\\\, ili'-u-r :it it- jiniftion witli tln' hody than 
h«I"'A. i'.l .-'.'i.pM-i .j ..f -ii.-rt , \, n ji.jhi- tliMt :ilt» niatr with thicker 
1m I«'\\ . 



'■ :• 
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This species differs in its arm formula from all other Poterio- 
crinidiP known at this timo, and its depaiture from the nonnal 
structure may prove of generic importance. 

Position and locality: St. Louis limestone, Monroe county, III. 

No. 2,450, Illinois State collection. 



PoTEUiocuiNTs siMiLis, Wortlicn. 

PI. XXX, FI«. 12. 
Po'eriocrinns ximi'iji, Wohthen, Fobruttry, 18H2. 
Bulletin No. 1, of the IIlinoiB State Muneum of Natural HiBtorjr, p. 23. 

Body small, hasin-shaped, twice as wide as high to the top of 
the radial series. The plates of the body arc all slightly protu- 
J)erant in the center, and de])ressed at the angles. 

Base slightly depressed and basals concealed by the first columnar 
joints. 

Subradials about as wide as high, hexagonal and heptagonal. 

Radials wider than high, with a well-defined suture between them 
and the brachials. Brachials on the two posterior rays nearly 
three times as long as wide, constricted in the middle and angular 
above, supporting on their sh)ping sides the two divisions of the 
rays. In the right antero-lateral ray the brachial is only about 
twice as wide as high, its upper angle lu'ojecting so as to form a 
short node. 

Anus two to each ray on the three rays visible, comi)osed of 
rounded joints that, at first, are nearly twice as long as wide, but 
they gradually become shorter above. They all project laterally, 
and supi)()rt strong ])innules, that are given t)ff alternately frcmi the 
longest side of the arm joints. The lateral projections of the joints 
give a zigzag arrangement to the arms. 

Only one anal plate is visible in the specimen, and this is placed, 
as is usual in this genus, between two of the subradials, and under 
the left side of the right posterior radial. 

Column round, and at its upper extremity composed of joints of 
nearly equal thickness. 

This little crinoid is related to Pot. Columhiensis, from the same 
localitv, but differs from that in its more depressed base, and in 
the sliglitly protuberant character of its body plates. 

Position (wd locality : Chester limestone, Monroe county. 111. 

No. 2,4-lG, Illinois State collection. 
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roTKKhKKINlS 1\)1»KNSIS. Wortheil. 

IM. XXIX. FiiT. K. 

/'■..', .-,,„ rinn." /••-/■i//>i>, WnKTHEN. Fi'l'niary. l*^'*± 

llMlW-iiii N-.. 1. i.r ihi* lIiiiii.N S!iit«« MiiM-uni -^f Natural HNtory, p. 23. 

r.ul>y small. (►iM-i^nio, j^M-:ulnal]y swelling from the base to the sum- 
mit of thf rmlia! ])lati-s, wIh.to it is alM)iit onee and a half as wide as 
loiiL', I'oinposiil of smooth, slightly protubiTant phitos. The basals 
}Mi»iiMt al'oiit oiu'-half thi.ir Icn^j^th beyond the cohnnn, and form a 
low jKiitaj^'onal flip. 

Subradials on the anti'ri«)r side h**\a<::onal, alKUit as wide as lonj?. 
lladials ])t-nta^'onaI. once and a lialf as wide as long, and truncated 
siiuaivly across their upper mar^'ins for the reception of the brachial 
plates. 

Bracliials ]>enta;.'onaK Un^'th and breadth about equal, roimded 
extiriially, ;ind >li;ni>ly aii«jjular alK>vr, supporting on their sloping 
sides tlk' lirst divisions of tlir ravs. All the arms on the anterior 
sidr dividf aj^aiii on the sivtiitli, ci^'hth or ninth plate above the 
brat'liials, and o\U' of them i^mws oil a second branch on the eighth 
]»lMti . wliilf tlu- otlins ari' not preserved bryond the second division 
al>ove tin- brachials. Tlie arms aiv composed of short wide plates, 
iln" two tirst abovr thr brachials being about twice as long as the 
>iicccc(liiit: oiirs, aiiil all a little wc«l»,M'-shapt'd. The arms are only 
about li.ilf as widi' above tlir second bifurcation as below. Anal 
l»iati s unknown. 

Colunm round, composnl \w,\y the base of thick and thinner plates 
alt« TiiMtt ly :irr:iiiir«'d. 

This s))t'eits i> r«lat« d \o I'nt. iSnijih,) lunuUfljtlunsis, Geol. Surw 
of 111., Vol. ;"), i)[\(ir ."i.^l, but (litTrrs in its wider and more nearly 
parallel ariu platis. a^ wrll as in tlu' l»ifurcation of the arms. 

/^/.^'/^^)// <ifnl londitii: Clu-.-^tci- liiufstoui-, Pope county, 111. 

No. 'i.!'")!, Illinois Stat*' t-olKction. 

l*nTi:r.io«i:iNrs Okawknsis, Worthen. 

J'lillt'lhi N". 1. '»f tlio IMiiii.i- StMi" Mll■^»•liIM of Njitur;il Hi-lr»r>', p. 24. 

Pxxly of iiM'iliinn size, widci- than liij^di to tlir to]) of the radial series, 
eoiii])(».-id of smooth, sli«,'htly ctmvex plati-s. 
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Base truncated, the basal plates exteiuling above and beyond the 
columnar facet, so as to form a low pentagonal cup. Subradials 
about as long as wide, three of them hexagonal, and two on the pos- 
terior side larger than the others and heptagonal. 

Radials nearly or quite twice as wide as long, pentagonal, and 
truncated squarely across the entire length of their upper margins 
for the reception of the brachial plates. 

Brachials one to the ray on the two rays visible, about the same 
size as the radials, supporting on their upper sloping sides the first 
divisions of the rays. 

The arms are composed throughout of short, wide, quadrangular 
plates, and after the first division on the radials, divide again in the 
left posterior ray on the ninth or tenth plates and on the right 
antero-lateral, on the seventh and eleventh plate, beyond which 
they are simple as far as can be seen, making four arms to each 
of these rays. 

The anal side of the specimen is distorted, but six small anal plates 
are partially exposed, arranged in two rows. 

This species is related to Pot, (Scaph,) Ravdolphensis from the 
same horizon, Imt differs essentially from that, in the mode of bifur- 
cati<m, and the wide, short plates of the arms. 

Positum and localitii: Chester limestone, bluffs of the Okaw river 
abovi^ Chester, Randolph county. 111. 

No. 2,441, Illinois State colledion. 



POTEUIOCRINUS VENUSTUS, WortllCU. ' 

PI. XXIX. Fifir. W. 

I'otfriocriims venuafvs, Wortiien. February, 1HS2. 

Bulletin No. 1, of tho Hllnolfl State Musoum of Natural History, p. '24. 

Body small, obconical, gradually swelling from the base to the top 
of the radial plates, where it is about once and a half as wide as 
long. 

Basals extending about half their length above the first columnar 
joints, forming a low pentagonal cup. 

Sul)radials nearly equal in size, three hexagonal, and two on the 
posterior side heptagonal. 

Piadials four, a littl(> wider than long, the right posterior one 
rather narrower than the others, and all pentagonal. 
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l>racliijils oik- t«> lach ray, iH'jirly as wMe l>elow as the radials, 
roii>tni-ti'i1 alK)vc. alM)iit once and a half as long as their greatest 
width, sharitly anunilar abovi*, and supporting on their sloping sides 
tlif fir>t divihitins uf tht* arms. 

Arms c-onii>(»>t'd of roiindril joints, the lirst nearly twice as long as 
wiiii', s»';nv(ly wi'»l«:i -^haind below the second bifurcation, and divid- 
iuil the srctind timr on the ninth plate above the brachials, beyond 
which thi y «(>ntinuf simi)le, making four arms to the ray. llather 
stout piniiuhs jin- given off fn)m the longest side of the arm joints 
an alternate sides. 

Thi* tirst anal j)late is rather more than half the size of the sub- 
radials. ]U'nta«^'oiial, and rests between two of the posterior subra- 
dials, and under tlie lower side of the right posterior radial plate. 
Tilt st'cond and tliird are smaller than the first, the second resting 
l)artly on the sunnnit of the left suliradial, and the third on the 
summit of the tirst anal. Column unknown. 

l*n:iitintf and hirnlitjj: Chester limestone, Monroe county, Illinois. 

No. •24oi), Illinois State rolk-ction. 

roTEiiioeiiiNvs PE( iLiAUis, Woilhcn. 

ri. XXIX. YiK. 1". 

I\t!, I'fi- //*'/>• ;mi"/(I/-(.<;. WniniiLN. Fel'nic'irjr. 1><>»'J. 

I'.ii.l*-: ill N- •. 1. "f 111.' Illiii.'i.-i Sjat.- MiistMim «'f Naturjil History, p. 25. 

l)0(ly lu'low the mt'dium size, obc-«)nic : the basals being broken 
away from the specinun. its relative i)ro])ortion3 cannot be exactly 
ilt'tcrniined. Fraj^Muents of two of the hasals that still renmin at- 
iachrd show tliat they extended above and beyond the columnar 
faci't. 

Sul)radials a]H)ut as hij^'h as wide, three of them hexagonal, and 
twi) ln'|»ta.eoiial. 

Ka<lials i>iiita.L'onal. somewhat irregular in size, the left posterior 
aiul till' Uft anturo-lateral (mes l»einu a little larger than the others. 
and all about once and a half as wide as long. 

Ihjhhials one to tliu ray, that on the anterior ray rather the 
loii«rest, the oiIh'I's about as loni,' as wide, constricted in the middle, 
ami sharply aut^ular aijove, supporting on their sloping upper sides 
the lirst arm ]»latcs. 

Thi- anus, aftt?r their lirst divisitm on the brachials, divide again 
at uih'tiual distances from the sixth to the tenth plate above the 
i>rai'hi;ils on four of tin? rays visible in the specimen under examin- 
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ation, l^eyoml which they conthuie simple to their extroniities. 
making four arras to each ray. The arm joints are all slis^htly 
wedge-formeJ. and quite short above the second division, aiul sup- 
port strong pinnules, which are given otT from the longest sides of 
the joints. 

The anal side presents an anomalous feature that I have not ob- 
served in any other species of Potvriocrinmi. In addition to the 
ordinary anals placed as is usual in this genus, there is a pentagonal 
plate about as long as the radials, intercalcated between the riglit 
posterior radial and the subradial below, elevating the lower angle 
of this radial to a level with the summit of the other radial plates. 
This may be only an abnormal development, and I was at Ih'st in- 
clined to regard this as only a variety of P. rvnustuSf but its shorter 
brachials and arm-plates, and ditlerent mode of bifurcation of tlie 
arms, seems to afford good grounds for considering it as a distinct 
species. 

Position and locality: Chester limestone, Monroe county, 111. 

No. 2,448, Illinois State collection. 

POTKRIOCRINUS PUOPINCiUUS, WortllCU. 

PI. XXIX. FlK. t». 

PtitfriocrluH.t prajtiiniuus, Woktiikn. K4*l»., 1>»X2. 

Dulhitin No. 1, of tln^ Illlnnis Stato MusiMirii nf Nafnnil IlHtiwy. p 'y*. 

Body below medium size, obconic or bell-sliap(ul, sprea(h'ng rathc^r 
rapidly from its truncated Imse to th(i suu^mit of the radial plairs, 
where it is nearly twice as wide as liigh. 

Basals about half as long as wide above their junction with th(^ 
column, forming a shallow, pentagonal cup. 

Subradials on the anterior side hi^xagonal, length and breadth 
about equal, their upper angles e.xti^nding up about half the length 
of the radial plates. Kadials one-fourth to ont;-thinl wid(^r than 
high, pentagonal, with their upper margins sriuandy truncated for the 
r<;ception of the brachial plates. 

J^rar'liials widest at their lower mnrgins, nnt qnito as long as wirle, 
constricted in the middle, and sharply angular above, wlntn: tiny 
support the Ih'.st divisions of the rays. Arms four to eight to tlu- 
ray, so far as can bo Sf-en from the specimen under examination. 
Tbo left posterior ray divitles the second time on tlie eiglith or 
ninth ])lat».- above th«- l;racliial, iifyond wliiclj tlie arm.-i appear to 
be .simple to their e.vtreniities. Tiie rii^ht antero-lateral arm bifur- 
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cati'S tli< >('i*onil time on tlio ti^Iit or ninth ]ilate, tbe ri^ht branch 
sciiilin^^ otT two a«l(litioniiI arms on the seventh, and again on the 
fniirtt'oiitli ]>Iati'. while the left hraneli ^ives off another arm on the 
li^rlitli i>r ninth |)l:iti'. hrvond wiiicli it is not ])re8erved. There are 
l)ri»l»aMy ri^'l't arms to this ray. The otiier rays are not pre8er\'ed 
hi-yoiiil the s< contl l)ifur('ation. The arms are composed of rather 
short, wiMlL't-foriiuil joints, that jxiw off strong pinnules from their 
Inn^Tst ^id* s. 

Anal ana unknown. Column round, composed at first of rather 
even jijjnt-. with a thickiM* one intercalated at short intervals below. 
The ealyx nf thi> species could not he readily distinguished from 
several otliers that are fcunul in the Chester limestone, but its long, 
slender arms, au«l their mode of bifurcation, are its distinctive 
characters. 

pnsition tuol hu'iO'tt}! : Chester limestone. Monroe county, Ul. 

No. 'J, l.*^7. Illinois State c«>llection. 

PoTKKiocKiNi s Kaskaskiensis, "Wortlieu. 

ri. XXIX. Fik'. 1.'. 
liulN-tiii N'«. 1. <>} ?hr Iilin-^i-i Si;i^' Mn-i'urn of Natiirnl Uifi-lory, p. 27. 

Inxly siii;ill, lnll-sha]U'd, marly twice as wide as long to the sum- 
mit of the radials, composed of rather thin, smooth plates, so closely 
auchvlosLil toLrt.'tlur that their relative size and fomi cannot be deter- 
mined. The radials are nearly as lon^' as wide, pentagonal, thick- 
«'iied on their upper marj:ins with a lip-like suture between them 
ami the tir>t brachial plates. 

Ih'acliial- two, the first «piadranj:ular, the second pentagonal; 
leimth and hreajlth al)t)ut oipial, hoth rounded externally, and con- 
st i-K-ted, the second sharply an»^ular above, and supporting on its 
slojiinu' ^i<lt'S the tlr^t divisions of the rays. 

Arms comjxoed of ratlier \Kn\\i, wedvrc-shai)ed joints, that project 
slightly on their outer mar^'ius. j^'ivin*,' them a somewhat zigzag 
ai)]H'Mran(M». aiitl after tluir lirst division on the seccmd brachials they 
all divide iitrain on the ei«:hth to tlie tenth ])1 ate above the brachials, 
^Mviiiu four arms to oaidi ray as the nt)rnial number. In one of our 
sjxcimi lis. liowevt r. one arm «^'ives off a branch near its extremity, 
makin^^ live anus to thai ray. 

riuuuK.'S rather strou«: and atiacheil to the hmfjost side of the arm 
])lat«s. Anal i)lat(s unknown. Ventral tube cylindrical, and abont 
twice the diauiiter of Wiv adjacent arms. 
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Column round, composed of short, even joints, with numerous 
cirrhi attachei at short intervals on opposite sides, whieh are ei»m- 
posed of rounded joints about half the diameter of those eomposinj: 
the column. 

This species may be readily distinguished from I\ rvfuintHn and 
P. *.7yfw, by thu bell-shaped form of its body and /ig/a^ arranjj:o- 
ment of the arms. 

Pnsitinu athi lor'ditfj : Chester limestone, bluflfs of the Kaskaskia 
river, four miles above Chester. 111. 

No. '2,4o2, Illinois State collection. 



PoTERIOCRIXrS CrLTIDACTYLrs, Hall. 

PI. XXX. Fit:. 1. 

Potfriorrinn.t ruIfiJar'u-'ti'. Hall, 1S5!». 

Siipiflum»*ntary report on tho Puhrontolney of Iowa. p. O'J. 

'*Body elongato-turbinate and slightly expanding at tlio base of 
the arms, which are regularly bifurcating and but slightly spread- 
ing. Basal and subradial plates unkno>vn. Radial series consisting 
of three plates in each ray, the upper one of which is a bifurcating 
plate. First radial plates pentagonal, besides the truncated angles. 
Second radials about as long as wide, quadrangular with truncated 
angles. Third radials pentagonal, obtusely wudge-formed above, and 
supporting on each side a series of eight arm-plates, the upper one 
of which is a bifurcating plate; above this, on the outer side, there 
is a bifurcation on the twelfth to the sixteenth plate, while the divis- 
ion on the other side remains simple so far as can be t tjuhmI in the 
specimen. This character applies to all i^xcept the anterior ray, 
where the bifurcation takers place on the twentieth i)late above the 
iirst division. 

The anal series consists of a number of small usually hexagonal 
plates. 

The plates of the arms are round upon the exterior face, a little 
wider on one side than the other in alternating order. Tlio surfaro 
is iinely granulose, without pecuhar markings." 

The above description was not drawn from the specimen figun?(l, 
but from OYii\ found many years ago, and now in the writer's collec- 
tion, but was not accessible when the figures for this volume were 
drawn. 
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I'i'.<'tt'n>ii mill Iniuilitj/: Tlie siK'fiinen originally described was 
(»l»t:iii!i il fioiii till' linrliiiu't«»ii limestone, nt-ar Hanibur«r, in Calhoun 
I'l.imty. ill id tin- iin« lii^iMftl fnnu the same hori/tui at Monte/unia, 
in I'ikr ruunty. lilinfis. 

TIm latttT is niunlMT 2.171 i4 the Illinois State enlK-ctiou. 



(Jkm s ZKAC'inXUS, Troost. 

Zi:\ci::Nrs ('(ixanus, "Wortheii. 
ri. x.wiii. FiKi. 

/» .i.r/»i'/>' r.i -.J. -,'/>. Wi'KTiiEN. I'l-lir larv. I'^vj. 

lIiiK- :iri N". I. -if 'h" Illiii..;- S!;i*i' Mij-i-urn "f Natural HL-tory. p. 'ZT. 

\\iu\y of iiiediuni si/r. lt:isin-slia|>r«h more than twice as wide as 
iiij^'li to thr t<»i> of tljt- nulial seiirs. liasr de])ressi'd, and the basalt, 
which an- r-iiiall, an- coiirialvii l»y tht- Ih'st columnar joints. Sub- 
ra.lials lu\a*,M»nal. oii'-c anil a half as wiilc as their lieijzht above the 
basal c<mca\ity. which is in i)art fornuMl by the upward curvature of 
their lowrr aiiirhs, their u]i|K'r an<:jks txttinlin^' up nearly one-half 
tli(^ KiiL^lh of till- radial >tries. 

Jladials marly twice as wiilc as loni:. pentagonal, and truncated 
Mjiianly across their ii]»pir marLniis for the sup])ort of the brachial 
srric^. The anterior ray has tW(> hraehials, the lu'st one quadran- 
•iular. oner anil a half as widt as loni^'. and the second short, pent- 
aiiL'ular. and siii»|)i»rtlip_r the lirst ilivisions of the ray. Each division 
nf this ray bifurcates a«^'ain i>n fourteenth or sixteenth plate, the 
ouiti" division di\idiii,L: ai/ain al)oiit the same distance above, makintr 
>iK arms to this rav. 

'I'Ih' other rays, so far as can be seen from the only specimen wc 
havi- <e.ii, have oidy a sin^K- hrachial plate, which is a little longer 
than the radial h.-inw. priita«:,'i»nal, and sui»ports on its upper angles 
t\\'» >loi;t arms, which dividi* lirst (»n the sixth or seventh plate, the 
inn* r divi-ioii enniimiiii;/ -imi>li' to its extremity, while the outer 
I. Hi- di\idts twici- nmn- on the tenth to the twtdfth plate, making 
«i._^ht :intis to racli of th«'Sr rays, or tliirty-ei<,'ht to the entire indi- 
\ iihuil. 

Arms cMmi|»ns. \ cf >hort qu.idranLrnlar joints, rounded exteriorly, 
i.Mviuir «»1V rather d'iii-ale. ])iimnli s from their imier margins. Anal 
M-rii.^ unknown. Ci»himn rath«.r blender, composed of roimd plates, 
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arrangtd in alternate series of thick ami tliinner joints. This beau- 
tiful species, the iirst discovered in the Keokuk lim^^stone in Illinois, 
I take pleasure in di-dicatinff to its discoverer, Mr. L. A. Cox, of Keo- 
kuk, to whom I am indebted for the use of the typical specimen. 

Position and locality: Upper beds of the Keokuk limestone, Ham- 
ilton, Illinois. 

No. 400 of Mr. Cox's collection. 

Zeacuinus Keokuk, Worthen. 
ri. xxviir. vin.x 

Ztarrinns Kfol-nt, WoRTHEN. IVbniary, 1>>X2. 

liullothi No. I, of tho niinols Btato Museum of XHtural Hintory, p. '2X. 

J3ody of medium size, shallow, basin- shaped, about twice as wide 
as high, r^ase depressed and basal plates concealed by the Iirst 
columnar joints. 

Subradials on thu anterior side hexagonal, curving below into the 
basal concavity, their upper angles extending up about half the 
length of the radial plates. 

Radials pentagonal, nearly once and a half as wide as long. 
Brachials single on four of the rays, pentagonal, a little larger 
than the radial below, and supporting the Iirst divisions of the 
rays. The anterior ray has four brachials, the first as long as both 
the succeeding ones, quadrangular and as wide below as the rcadial 
on which it rests. The two succeeding bracliial plates are sliort and 
quadrangular, a little narrower than the first. The fourth is also 
short, subtriangular, and supports the first divisions of this ray. 
Both branches of the anterior ray divide again on the tenth plate, 
and the outer division the second time on the tenth plate above, 
making six arms to this ray. One of the antero-lateral rays, after 
its first division on the brachial plate, sends off an arm from eacli 
division on the sixth pbate, the (mter branches dividing again on the 
eighth to the tenth plate, making eiglit arms to this ray. The arm 
platts are but slightly rounded exteriorly, and nearly quadranguhir 
in form. Anal plates unknown. 

Column rouml, and composed near the body of rather thick, alter- 
nating with very thin phites. 

Poaifion atnl localitif: Upper ]>art of the geodiferous shales of the 
Krokuk j^Toup, one milu bulow Keokuk. 

No. *217 of Mr. L. A. Cox's collection. 
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/ka<i;inis TiKKNsis, W(»rtben. 

IM. \\X. Fik'. :«. 
r.ii!!«''iu I'f !li»- li!iii"i'. St.ii*' Mu-tMiiu «if Natnriil Hist»»ry. p. 'JA 

IJuily Iff iiHMliiiin sizr, .sliorl, fnniiinjj: l»elo\v tlio summit of the nidiul 
St ri».s ;i ^Ij:i11«»w cup almut tljive tiuh-s as wide as hi^h. Basals small 
aii.l t iitinly coiu'ralrd in tlir basal roiifavity. Subradials rather 
iMiiLTfr Tli.in wi«K'. ami <-urvin^ brlow so as to fonn a part of the 
ciUK'avitv «»f the iiaso. 

l\a<lials ])i'nta;jtauil once and a half, and the anterior one prob- 
ably {w'u-r as wide as bnijz. an«l truncated squarely across their upper 
niarj^ius fnr tin* rireption of tlic bracliial series. 

Tlio anterior ray has three brachials, the Ih'st one of which is as 
lar^^e as tin- radial bijnw. the second one very siiort, and both 
(luadran.L'iilar; tlir third is als«» short, hut pentangular, supporting 
ou its slopiiip; sidi»i the first ilivisions of the ray. One of these di- 
visions bifurcates aj:ain on tlir ei«:hth ]>late, and the other on the 
tenth, beyond which they ai)))e:ir to be simple to their extremities, 
niakinj,' init four arms \o this ray. The ri»;ht antero-lateral ray and 
the left [)osterior ray have each a single brachial, which is nearly 
a^ loni: a-^ wide. su])i)ortiui: on its sloping angles the first di^isions 
of tlir rays. The two divisions of tlie right antero-lateral ray divide 
aLTMin on tlie sixth ])laic, and at least one of these divisions, and 
])rol»:ibly l)otli tlie (»uter ones, divide again on the tenth plate, making 
si\ arms to this ray. If the other rays correspond with this, it would 
ulve twmty-eiglit arms as the full series for this species. Anal plates 
unknown. Coliinm slender, and composed of roun«l joints of unequal 

tllJr-luU'SS. 

(ii,il.ni'i,',iJ jHttdf'iDn iukI IncdUfff: IjOwcr part of thc Burliugton Hme- 
stonc, M(>ntt'zunia. Tike countv. Illinois. 
No. '2. irrJ, Illinois State collection. 
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Gkvus KlIODOCRIXUS, Milkr. 

Rhodocrixus Cox.\sus, Wortluai. 

PL XXVIII. Fife'. 7. 
Flhoduf r'iHUJi O'^'lttHS, WOBTHEN, Fel». IS&L 
Bulliftin No. I, of the Illinois Statt> Museum of Natural History, p. :)0. 

Body of medium size, subglobose, base slightly depressed, the basal 
plates concealed by the first columnar joints. Subradials a little 
wider than long, their lower angles curved in to form a part of the 
basal concavity. 

The first radials much larger than the succeeding ones, heptagonal 
in form ; second radials nearly quadrangular, and the third hexag- 
onal, supporting above the secondary radial plates, of which there 
is but one to each division of the ray. 

Brachials, four to five, short, widening above, the upper one with 
a slightly-projecting angle in the middle, separating the first divisions 
of the arms. From two to five single, wedge-formed jneces succeed 
the brachials, above which the arms are composed of a double series 
of short, interlocking pieces, each one of which gives off a moder- 
ately-strong pinnule. In one of the specimens under examination 
the arms on the two rays visible continue single after the first bi- 
furcation, making four arms to each ray; but in another specimen, 
apparently of the same species, a third branch is given off from the 
third plate above the first division, making six arms to these two 
rays. 

From four to six inter-radials can be seen, the first of which is 
larger than the others, but owing to the crushed condition of the 
specimens, the exact form and number of those plates cannot be 
determined. 

Column round, rather stout, and composed of alternately thin and 
thicker joints. 

The specimen showing six arms to the ray also shows a marked 
prominence in the central portion of the body-plates, which is not 
seen in the other, and this we take as the tyi)0 of H. Coxanm, and 
if these differences should be regarded as of specific im])ortanco, 
the name R. 2^^^y(lactjjlu8 might be used to designate the other va- 
riety. 

Gcohijical ]}osUion and locality: Upper part of the geodo bed, one 
mile below Keokuk. 

Nos. 11)7 and 223 of Mr. L. A. Cox's collecti<m. 
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(Jkm s PLATYCUINrS, Miller. 
ri.\T\< uiMs MoxuoKxsis, Worthen. 

IM. X\X. Fik'.'.». 
r.'. '.•••■\\.\'K I.. f •!.••!. .n-'l- St.it" Mu-'-Min "if Natural ni-*turr, p. ."III. 

ImmIv .Niiiall. ciiii-shaiKMl. jilionl om-c ami a half as wide as high. 
WiKii] plati-* i\tcinlin«r alMuil ono-lialf tlifir k*iijxtli bryoiul the first 
I'tilinnnar joint>. tlif h)\\ir maiyiii proji'^tinj,' so as to form a nar- 
row rim tti tlu' Ikisi'. liailials wuUr than hij^h, the articulating 
si-ar oc-<-upyini: nnly alniut one-thiril to one-half of their entire 
width. 

brachials sin«:li\ narrow, siilitrianj^nlar, sharply cuneate above, 
and >iipportinu on tlirir ujiper sidts the lirst arm plates. On the 
two rays visihli' in thf s]H'i*imi!i undi-r i-xaniination, the arms, 
afti-r tlnir lirst divi>ion on tin* hratdiials. dividi* again, both divisions 
oncL- on till' sicoiid phiti- abiivi- tlk* brachials, and one of them the 
sicnnd tinn' on thi* si'coii-l arm plato al.ove, pving five arms to 
i-aclj r;iv. 

Arms compox'd at lirst of long, rounded joints, that are some- 
wlijit zi'j:zi«: an<l ]»rojtrliiig on thrir nuirgins, where they give oflF 
^t^^nl'..' pinmilts. Imt towards tlu'ir ixtrt-iuities thi*y are composed of 
hhort. trianmilar j»iii'is that al.-t) sustain ])innuli-s on their longest 
maru'ins. rinnnl«-^ ipiitu stout, tluir dianietir bt^ing about equal to 
oiu-tbird »»f tbr \\\f\\\i «»f tbc plati-s to whit-h they are attached. 

pu.^it'n'ii miil /. »•,//// /I s; St. Louis hnicstont*. Monroe county 111., and 
niount comity. Trim, 

No. 'i,l()l, Illinois Statu collection. 

(iiMs KKKTMOCKlXrS, L. and C. 

Mkktmoiimnis Vaksoviuxsis, Worthcn. 

ri. XWlll. Fij.'. 11. 

r..v'.."n , i.iUft l''/ •«.■ ,^ ..-•'. Wi'Ki IM'N, I't'l'Tuary. Iw-j. 

r.ijll«'!ir» N'-. 1. of thf 1 !li!i.'i«« Stji!.* Mu-tMnii i-f Natural ni^tory, p. J50. 

i-nly ^]uaIl and turbinate lu low tlic baso of the arms. Basals 
.slioii. >IiMlitIy proji iting on their b)Wcr niarghis, forming a well 
d«-fiin.Ml rim aroinnl tlic bast*. 
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Primary radials three, the first comparatively large, hexagonal or 
heptagonal, the succeeding ones small, one quadrangular and the 
other subtriangular, supporting on its upper angles the secondary 
radial series. 

Secondary radials two, the first quadrangular and the second 
pentangular, supporting above the two divisions of the arms, giving 
four arms to each ray. 

The two first arm plates are nearly quadrangular, and longer than 
those above. The third and fourth are nearly triangular, and are 
succeeded by a double series of slightly interlocking plates that 
spread out towards their extremities in the manner peculiar to this 
genus. 

Interradials three, the first about twice as large as the succeeding 
ones. Anal series unknown. 

Column at its junction with the body composed of thick, round 
joints that, a short distance below, are separated by thinner ones 
arranged alternately. 

Surface of the body plates finely granulose, with a slightly elevated 
ridge crossing the plates, and extending to the top of the secondary 
series. 

This species, minus tlie arms, closely resembles Batocrlmis caroll 
(Ilali's sp.) from the same beds, but differs in the number and 
structure of the arms, that having but sixteen while this has 
twenty. 

Position and locality: Warsaw beds of the St. Louis group, War- 
saw, ill. 

No. 2,459, Illinois State collection. 



Genus ONYCHOCKI^NTUS, l. and C. 

Onychocrinus distbnsus, Worthen. 

PI. XXIX. FiK. 5. 

()i\Ui:hocrinus (UsLensuH^ Wobthen, Fobriniry, 18S2. 

liullutin No. 1. of the Illinois State Musoiim of Natural History. \\ 31. 

Body of medium size, composed of smooth, massive plates. 
Basals concealed by the column, 

Bubradials on the anterior side sharply angular beyond the col- 
umnar facet, forming a low, pentagonal cup. 

Radials five, the first pentagonal, about one-fourth wider than 
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lonu'; till* sccninl. tliii'ii and fourth, qiindrnngular, and nearly as 
\\l\r as the tii'Ht. their width hiin^ et]iial to ahout once and a half 
their IciiL'th. The lifth radial is pcntaf^onal, and supports upon its 
u|p|H r s]«»i»inf^' Hidi-s the divisions of the rays. The arms, beyond 
tlif lir.-t ilivision. tliMW oil armh^ts at intervals of five or six plates 
t(» their extreniitii'S on the only rays that are preserved in the speci- 
mens olitaini'd. 

N««ne of the s]M.*eimen.s hhow more than two or three inter-radial 
)»lati'S. rii«.' first nf these is hexa^'onal. about as wide as long, and 
tlii> was jipjiariMitly succecdt'il hy a series of three smaller plates 
tliiit art' liiit |>:irtially proKerveil. Anal plates unknown. 

Cohinm round, larjjfost at its junction with the body, and cora- 
]K)se(l of very thin, t-ven joints. 

rnxtt'iun ,i}i,l luralitjf: Chester limestone, Monroe county, 111. 

No. '^lAi'l, Illinois State eollection. 



(Jkms TAXOCKIXrS, Phillips. 
TAXot'RiNis Flktcheri. Worthen. 

ri. XXX. FiK. ± 

T'lj-nrrimin F'rtvfirri, W'oi:TiiEN', February, \^'<2. 

Itiilli'tin •>[ the Illinois Si.'ito Musi'uin of Natural History, p. SI. 

Body, with arms complete, ovate in outline, lobate, composed of 
til irk, massive ])Iates. Basals small, and concealed by the column. 
Subradials oxtendin*,' nearly half their lenj^th beyond the columnar 
facet, forming by themselves a low, i)enta<;omil cup. Primary radi- 
als three in each ray, j^radually widening from the first to the third, 
which is an axillary plate, giving support to the first plates of the 
serond series. Stcondarv radials three, more than half as wide as 
the Ih'st, the last one supporting the lirst plates in the Tertiary series. 
Above the secondary series some of the arms, if not all, divide 
again oii the lifth plate, above which they become quite slender. 

On the anal side of the specimen two series of plates are pre- 
served. The iirsl one is hexagonal in form, and rests between the 
upper angles of two of the subradials. In the next series there are 
three ])lates, each about half as large as the first, the middle one 
resting directly upon it, and the others resting between the upper 
angles of the ihst anals and the adjacent first radials. Above this 
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second row of anal plates another series is only partly visible. Inter- 
radials, one or more to eacb space, but their form and number can 
not be clearly determined from the specimen in band. 

Column round, larger at its junction with the body than below, 
and composed at first of thin, even joints, but below thicker plates 
are intercalcated at irregular intervals. 

Position and locality: Kindorliook gronp of the Lower Carbon- 
iferous aeries, Marsballtown, Iowa. 

Dedicated to Mr. Tlios. Fletclier, of Keokuk, Iowa, to whom I am 
indebted for this and other hiterestiug fossils. 

The author's collection. 



aKNUs CYATIIOCRINUS, Miller. 



CvATHOCBraiiS rARMBRACHlATDS, Hall. 
rt. XXVIII, Fig. 5. 
Vyathwriavt panihrachiat'ii. Hall, Isdl. Desc. Now CrInolUoa. 
Cyathor.rinui' HaniUtinifn»i», Wobtbbn. Februtur. IBSS. 
Bulletin No. 1, at the Illinois Stato Uu»oum of Natural History, p. 32. 

Body of medium size, basin-shaped, base deeply impressed, width 
of body about twice as great as the height to the top of the first 
radial series. Basals small and concealed in the basal concavity by 
the upper joints of the column. 

Subradials hexagonal, counting three angles on the under side, 
and curve into the basal concavity ; width and length nearly equal ; 
slightly convex, the greatest convexity being a little below the center 
of the plate. 

Badials about twice as wide as long, those on the anterior side 
pentagonal, the articnlating facet for the reception of the brachials 
occupying about one-half the width of the plate. In the anterior 
ray the first bifurcation takes place on the fom-th brachial, and in 
one of the antero-lateral rays on the third, and a second bifurcation 
on each division of this ray takes place on the third plate above the 
first. The arms diminish rapidly in BizojMSWjl the first bifurca> 
tion. Anal side unknown. 
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(eliiinii iiitluT slni.Ur. unci imuhimisimI of short, roiiiul, even joints. 
position and Inralitj^ : rppcr lu'Js of Keokuk limestone, Hamil- 
ton, in. 

No. 171 of Mr. L. .\. Cox's <*olleetion. 

N'l'iK Af*»T I ijl;i»«l!irii: a 'Im*;.'! ii':i«iii «»f tlii- fi»rm in !•<*<•-. I a*«MTtaiiuMl that tlj»» orror 
ill i\s> .ii.ii:ri«-i-. .i«» I'lMi-^rs'*'! In Oi»« H..-'i.ii .F"nrii.il <if Nafiral Hisi'Ty. was dm- to a 
• > p«'»;r.i I'll I'M; ••M«'r. .iii'l H.'-p f«'H' n--iiir»' thi- iiaiip' a«li»i»l«'«l '•> Hall in l*^'l. 



CYA'iHocKixrs Maushai.lknsis, Wortliin. 

n. \\.\. I itf. I. 

r.ull«';in N««. I. "f th«." Illii:"!* Sta'i- .Mu-'iini •»( Natural Hi-rory. |«. '.sj. 

/i///;/;//i.s'/x: l]o«ly inaniillati*, lenjrtli and breadth about equal, and 
tnuicated at the base wlirre it joins the column. Basal plates small, 
lon«:est on tln» anterior hide, angular above, and forming by them- 
selves a siiallow pruta'-onal euj). Subradials about as high as wide, 
foin* of tiieni «»f ecjual size and hexa^'imal, tlie fifth on the anterior 
side nearly tNNice as lar«re as the others and heptagonal. The radials 
on four of the ravs are about the same size as the smallest subra- 
dials, jMnta^'(»nal in form, their h)\ver angles lilting into depressions 
betweiii the hubrailials, eonstrieled from the lower lateral angles 
upward, so that the upiur marj^ins, which support the brachials, are 
only about half as wide as the greatest width below. 

IJracliials three on these four rays, narrower than the radials, two 
of tluni quadrangular, and the third angular above, supporting the 
first divisiims of the arms. The lateral spaces between the brach- 
ials^, jnul extending below to the middle of the radials, appears to 
have been filled by a calcareous integument, or with minute plates 
that an- too small to ])resent deiinite forms under an ordinary glass. 

On tbe anterior side ijf the specimen, the large anterior subradial 
is siiicerdeil by a ijuadrangular radial resting directly upon its trun- 
cated u])])ir margin, and this is succeeded by two or more quad- 
ranjiiilar l»rac-liials. luyiuid which its structure cannot be made out. 

The anus alter the first bifurcation on the third i)raehial. divide 
again on the sixth or se\eTitli ])]ate. and some of the branches once 
or twice more, higlir-r up. 'fhey are composed of rather long, rounded 
«iuadraimular joints, decreashig gradually in size to their extremi- 
ties. Anal ]»lates unknown. 
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Column round, very strong,' Jit tlie l/Uno of th': r'jil>.t. 'Irrrrrri.tin,: 
about one-half in diameter a luilf inch helow, jm I oornp-i-.*:'! ',( iM:.i.*:r 
thin, even joints. 

Position awl locfditti: Kin-lorliook jiroiij>. M;f.i-.ii;j..i*/>< r. . .'-.•m 

The author's collection. 



(}KSi< KUPArilVCKIXrs. ^f..k ;l;.!^^ /..- 
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Time ansil i>ljitts an* visililo. the first is pcnta^'oinil. larger than 
lH>tli tlif others. ikhIoso hke the Huliratlials between which it rests, 
whilf its u|)j)er iiui^lv extends a httle above the radial on the right. 
The sicond anal rests u]uiu the upper truncated margin of the left 
p.Ksterior subradial, and the thinl between the lirst and second anals. 

Cohnnn round and rather small for the size of the bodv. 

'i'his spei'ies is related to Lyons' E . fiHtitar'thchuhrachialiH, but dif- 
fers in its less mashivc form, and in the number of its arras. 

l^nAitmn tin,l hiralifft: ('heater limestone, Monroe county, HI. 

No. '2. nil, Illinois State collection. 



EriwcHYiiiiNrs MoxnoKxsis, Worthen. 

ri. XXIX. ii«. i«. 

liulli'tin No. I. •'! t!n' Illlin'i> Slat*.- Mu^euai nf Natural History, p. 'M. 

Body of mcilium size, low. basin- hhajied, composed of massive 
plates. 

Basiils small, triangular above and below, the inner angles bent 
downward inider the column, and the outer ones bent slightly upward 
betwe<'n the subradials. 

Subradials protuberant, sub-hemispheric, externally, generally 
])t']itanj:ular, th«' one on the anal side a little larger than the others, 
an. I truncated on its upper mar«;in f«)r the support of the anal plate. 

lladials jKiitagtinal, about twice as wide as long, and truncated 
entirely across their upper margins for the reception of the radial 
Series. 

Anals one, quadrangular, length anil width about equal, extending 
above to a level with the summit of the adjacent radials, and rest- 
ing below on the truncated upper miirgin of the right posterior sub- 
radial. 

Arms and column unknown. 

This si)ecit!S is related to Kupach. fnnnoituA, (xcol. Sun\ 111., Vol. 5, 
puL'c oV.K but ditT(?rs (mm that in the proportions of its radial plates 
and the subglobose character of its subradials. 

Po^iit'inn and I'triUfif: Chester limest«)ne, Monroe county. 111. 

No. li,ll"> Illinois State collection. 
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Genx'S DICHOCRIXUS, Munster. 
DicHocRiNUB Hamiltonensis, Worthen. 

PI. XXVIL. Fig. 10. 

l)icfiocriuuii Hamiltotiengi;^, Worthen. February, iwy. 

Bulletin No. 1, of the Illinois State Museum of Natural History, p. 85. 

Body small, length and breadth apparently about equal, though 
from the crushed condition of the l)ody plates the exact proportions 
of the body can not be accurately detennined. Basals about half 
as long as the radials, fonning by themselves a low, shallow cup. 

Badials quadrangular, nearly once and a half as long as wide, 
with a narrow, articulating scar at the summit for the reception of 
the brachial series. 

Brachials three, the last one longer than those below, and sup- 
porting on its upper sloping sides the lirst arm plates. 

Arms two to each ray, as far as can be seen in the specimen 
hefore me, composed of short, wedge-shaped pieces, rounded ex- 
teriorly, and giving oif from their longest sides rather strong 
pinnules. 

Column unknown. 

This species is nearly related to /). ficus, of Lyon and Casscday, 
but differs from that in the shorter form of tlie body and in the 
number of its brachial pieces, which in their species is only two to 
each ray. 

Position and locality: Upper part of the Keokuk limestone, Ham- 
ilton, III. 

No. 2r>7 of Mr. L. A Cox's collection. 

DicHocRiNus Cox ANUS, Worthcu. 

PI. XXVII. Fiur. 7. 
JHchovrinns Cojrannf, WonTHEN, Fobniary, 1882. 
Bulletin No. 1 of the Illinois State Museum of Natural HiHtory. p. .'iTi. 

liody small, ovate in outline, pointed at the base and contracted 
at the summit of the radial series, so that its greatest diameter is 
near the base of the radial plates. 

Basal plates nearly three-fourths as long as the radials, fonning 
by themselves a rather deep cup. 
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U:i(lials lon«_r<r than wi(li\ latrral lM>r«lors nearly straijjrht, slightly 
(Mintrartcd at tin ir >iiinniits, tlu- artir-ulatinj^ .^car for the reet'ption 
of tlh* l»rai'hial strits oreiipyin*^ about one third of the width of 
tht ir upjiir ii:ap:in'<. 

llrarhial platis hniall, apinirt-ntly two in numhcr, the second cue 
lu'iii'^' tin lont^fsi, and supporting on its iippur slopin*^ sides the lirst 
anil platis. 

Arms two to each ray. composed of short, rounded joiuts, which 
iX\\\' n\\ stnaiu' ]»innulos from thoir inner borders. Anal side and 
cohuini unknown. The surfaces nf the l»ody plates are marked by 
obscurt' Inn^'itudinal rid»;es that will serve to di^tni.uuihh the species 
fr«>m anv ptlur li* ntoftuH* (b^cribcd from this horizon. 

pnHition ,nhl InriiHtff: UppiT part of the Keokuk limestone, Hamil- 
icm, HI. 

Xi). 11 of Mr. L. A. Cox's collodion. 



(Jkni's TAl.AKOClMNirS, Wuchs. & Spr. 

TALAUOiiiiNTs ovAiTs, Wortlicn. 
I'l. XXIX. iMc n. 

Uulii'tin N.J I. . f tilt' lllin.'i- Stiitt' Musimiih of N'jitural Uislorj-. p. Sfi. 

J)o»ly abovi' tlu' nu'ilium si/.(\ ovate in general outline, lobate as 
vii!Wr«l from aliovu or lulow. 

Tiasals about half as bi«^h as wide, impressed below, and pentag- 
onal above, with a sli»,'lit depression at their lateral borders. 

Fir^t radials about one-third lonj^er than wide, the anterior one 
]Hntan;4ular, the others (puidran.i^'ular, and all protuberant. The 
sucj'cedin'Z radials not visible. 

Thf first anal is as large or a little larger than the first radials, 
hei»tag«)ual. having lour tlistinet angles above and three below. It 
i> .-uc(i(.tlu<l by tbnr- ^msill anals, the central one of which is pen- 
laiiniijil, and re>t.s on the truncated summit of the first anal, while 
tln' <»ilier tv>c». tile form of which can not be clearly seen, rest upon 
its up])er lateral angles. Above this there is one or two series of 
very Mnall j>latt'S siirromuling the anal o]iening. 

The \aiilt is comi)ose(l of very small, smooth plates, except the 
central one, wliicli is larger, and produced into a pointed spine. In 
one of our spi'cimens there is a spine-bearing plate, between the ann 
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openinfrs and the central ?pine on two of the rays. Arm openings 

two to each rav. Arms antl column unknown. 
This specit-.s is rehitod t«'> 7\ sexUmtus, ^Shumard's sp.) hut differs 

from that in its more symmetrical form, its loss protul)erant radial 

and anal plates, and le>s nod»>se summit. 
Position aud Inraliti^: Chesti-r, limestone, Monroe county, Illinois- 
No. 2Ji5B, Illinois State collection. 

Gi-xr.s AGASSIZOCinXX^S, Troost. 

Agassizocrixus pAi'iLLATrs, Worthcu. 

n. XXIX. Fijr. 17. 
Aof''''i''2ovi'iii'ii( i.api^hitus. Woi;tiien, P\.*!».. I'*'*-. 
IJr.ll'.'tin No. 1. of th».» Illinois Stat«» Museum of Natural ni>tory. r. "A 

Body rather helow the medium size, subovate. width at the sum- 
mit of the radials a little more than the lenslh, composed of ma^- 
sive, slightly rounded jilates that are sepaiatod by well-ddined and 
deep sutures. 

JJasals pentangular, about as wide as hmg. and roundiul bolow. 
where their inner margins form the walls of a very small pentnpot- 
alous opening for the attachment of a very delicate round column, 
two or three joints of which remain attached to one of our speci- 
mens. 

Subradials, three hexagonal, ct>unting three angles below, and twi> 
on the posterior side heptagonal, length anil breatlth about eijual. 

Iiadials pentangular, nearly twice as wide as long, e\c(^pt the two 
l)Osterior ones, which are rather narn>\ver Ihan the i>tliers. 

Brachials about the same size and fonu as tlie railials. and sup- 
port on their upper sloping sides the first arm plates. Arms two \k\ 
each ray. composed of tpiadraugular joints that gradually diniinisli 
in width to their extremities. 

Anals, three visible: the tirst is nearly as large as the radial 
plates, pentagonal and situated as in /*i»/rr/rM'n;///.s\ between two of 
the subradials, and partly UTider tlie left siile of the right posterior 
radial. The second is about luilf as huyy as the tirst, and rests on 
the upper truncated nuirgin of the left i>ostorior subradial. Tlie 
third is very small, and rests upon the U])per angle of the lirst 
anal. 

]*n>titii)n and londitjf: Chester limesti)ne, Monroe county, Illinois. 

No. 2,4 li, Illinois State colh^ction. 
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A«'.AssiZ(»CKixrs HEMispHKRicus, Worthcii. 

IM. XXIX. ritf. 7. 
lfull>'tiii N«>. 1, Mf till' IlliiiMi^ Siatt* Museum of Natural HlMorr. !•. 37. 

l)()(ly small, lu)\\i->li:i]K'(l. or licinispluTical in outline, about once 
and a half a> wiile as lii^'li to the summit (»f the radial series, rounded 
at thf l»aso, and foniposeil of niassiw, protuberant phites. 

liasjils small, project in^ but sli^'htly below the subradials, forming 
a little pentagonal star. No columnar facet is visible. 

Subradials a littli' lonj^er than wide, stronj^ly protuberant, three 
of them i»eiita*:(»nal, and two on the posterior side hexagonal. 

lladials ])i.'ntatj;onaI, three of them rather more than once and a 
half as wiile as lon«:, the two on the posterior side rather narrower 
than the othors. and all truncated squarely across their summits for 
till' ri'ciption of the hratdiials. Sutures between all the plates of the 
hodv distinct. 

Hrachials as widi- ludow as the radials, but strongly constricted 
and sharply angular above, where they give support to the two di- 
visions of the rays. Tin- ann-jdates attached are three in mimber, 
the tirst nearly twice as long as the succeeding ones, and all quad- 
ran«.'ular in form. 

Four anal platts are visible, the first is protuberant, pentangular, 
about half as large as tlir largest radials, and rests squarely upon 
the trnncalrd upper margin of the right posterior subradial and under* 
tlu^ left side of the right posterior radial. The second anal is about 
half as largf as the first, hmger than wide, and rests on the upper 
mar^'in of tlu- left subradial. The other anals are smaller; the third 
ri'sts between the first and second, and the fourth on the summit of 
the si'cond. Odumn unknown. 

(iniloffictil jHiHition and lociditi/: Chester limestone, Randolph conntyy 
Illinois. 
Xo. li, ir»l, Illinois State collection. 
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MOLLUSCA. 



BR ACH lOPODA. 



(Jkms ('AM1:K()I*1I0J{IA, King. 



('AMKUOntORIA (ilKKOKhl, WortllOll. 







;x 



\ 



a, Vi"\v ««f ili.r-.il valvf; 1.. ventral valv*'; <;. iirnllle vit'W.i 
ill- ,,.''>!■'. 'i.ln t..f'..:!i, WiiK'inr.N. F«'l«r!iury. I'***-. 
IJii:''*!iM N'.'. 1. iif !li" Iliiii •!> s:ii'«' Mu-'Muu .:1 NaMr.tl Hi»tt»ry. p. :W. 

Slirll al'ovu the nu'iliiim size, broadly ovate or siih- 
circiilMr in j^'Linnil outline. J>orsal valve nearly cir- 
enliir, rno.lirattly einivi-x, the fjreatest convexity 
ht.in«: alMiut one-third the distance from the beak 
It) till' front part of the shell, umbo depressed. 
V«ntral valve much nu»re convex, and the beak 
]u-t)(hh'i<l hrvond that of the dorsal valve, and 
stronj^ly recurvid. 

Tin.' only siK'imen we have seen of this tine shell 
is an iiitcrnal cast, with a fragment of the test ad- 
herinj^' to tlic la-aks. Traces of ten or twelve broad 
hliallnw ]>lication> can he sten on the front portion 
nf the slull, twt) or three of which i)robably extended to 
tin- lnak on the ventral valve, while the others became 
\ nli^olcte before reaching the cardinal border. Traces of 
; tint" hnij^ituilinal striations are also visible with a good 
«l:iss. Li-nj^rth from the beak to the front 28, breadth 
•J'J. liriL'hth 11 millimeters. 
PiMljcatcd to tlu- nil nmry of Mr. \Vm. (iilTord, of Peoria county, 
111., ficiin wlinm the specimen was received. 

l\i>i'it'iiiu iiiul Inraiitif: Middle Coal Measures near Alta, Peoria 
(••.unty, 111. 

Illinois State collection. 
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INVEBTEBRATES. 



LAMELLIBRANCHIATA, 



Genus C1U5N0MYA, Meek. 






CH.ENOMYA JIAIilA, Wortlien. 

<i Siilc vlnw. b Duiviil i ir-vr. u.lI. h1z..>. 
'.•hirumitga Maria. Woi:tuek, Fyljriiary, IS-t'. 
Iliillirtin No. I. or tliv Itlluob Smto MI14VI1I11 of .N'itiir:il History, j.. mi. 

Sbell elongate, Biib-eylin- 
(Iriciil, anfen'or i>ii1e miu-li 
compressed ami iii»crtui-e en- 
tirely eloscil; posterior si>lo 
truncatt'd and widely gaping. 
Uase Hligbtly convex in out- 
line, roundin<r np gmdiially 
in front and abruptly be- 
hind, dorsal hide a little 
(^oiieave from tlie beakH 
to the po.sterior extremity. 
Beaks depresBed, incurved, 
and located about one- 
tiftb tlie entire lengtli of tbe shell from tbo anterior side. 

Two c'onHpiciiouH fnrrowa eommenco at the beak, tbe anterior one 
croiising tbe valve obliquely to the base of the shell at a point abont 
two-liftlis of itH entire length from the anterior side; the posterior 
one crossing the tiholl much more obliquely, and terminating at the 
base of tlie MbcU, near its posterior extremity. 




'A'ln TAL.KONTOLOGY OF ILLINOIS. 

In !i«Mitioii to tlu'st' furri)\vs each valve is marked by about 
thirty-t\N(i lonj^itiiilinal ri«I<:ts tliat arr a litth' wi<ler tban the sjiaees 
lutwfiii tln'iii. Tin sr c'oiniiuiii'f at the dorsal margin near the 
l»i;ik, anil wlnn tlu-y <toss the posterior furrow already described, 
tlity are drll« eted almiptly forward to a ri«iht angle with their 
former rnur>r, alM»ut two out of every tlin-e ending at the anterior 
furrow, \\liilt' tin* others are etmtinuous across that to the anterior 
border of the shell. 

A small fra«4HKnt of the shrll. attached to the cast, shows that 
th«' surfaee was Iniely striate<l oblicjuely fri)m the beak to the front, 
and with a good bus the stria* are seen to consist of rows of minute 
granules. 

Pedicated to Mrs. Orestes St. John, by whom this fine si>ecimeii 
was disc»)Vered. and tt» whom I am indebtecl for the use of it. 

rnsitinu uNtnortiHtji : Tpper Coal Mrasures, Shawnee county, Kan. 
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Gbxus AVICULOPECTEN, McCoy. 



Avic[iix>PBCTE!( Varbomenbik, Sp. nov. 




Vlow or li^tt valve. Naturiil size-. 

Shell larjic. siiborbicular, hinge-line rather ahorler than the great- 
est hreadth of the valves below. Left valve nearly flat, poatarior 
car short, and fonuinf; a rather aaite triangle, which is clearly de- 
lined from the posterior margin below. 

Anterior ear nearly twice as long us the posterior, not so dis- 
tinctly angular in outline, the outer margin curving into a deep in- 
di^ntation where it joins the hitcral border of the shell. Both ears 
show traces of raised lines or costie, corresponding to those on thu 
body of the shell, and on the anterior car, faint transverse linos of 
growth !iro viuible. 
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Surfucf uf the viilres marked by numerous raised lines or costa.*, 
that iucreuHL' towards the hase hy iinphintatiou, and axe about as 
\vi(k' i\H tlie spaces between them. From S() to 1)0 of these costu; 
may be counteil on the borders of the ghell. 

(Greatest width of the valves 4 inches. Length from beak to base 
:J,; inches. Lenjxth of hinjre-line JU inches. 

Loailitif and poHttiuii : Tpper beds of the Keokuk limestone^ near 
Warsaw, 111. The author's rolleetion. 

This is a very rare species, only one valve, and part of another, 
having' bciii fi.>und in 23 years collections from this horizon. 
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DESCRIPTIONS OF SOME NEW SPECIES OF FOSSIL SHELLS 



FBOM THE 



LOWER CARBONIFEROUS LIMESTONES 



AN-: 



COAI^ MEASURES OF ILLINOISj 



By A. H. WoiiTHBN. 



Orthoceras Illinoiensis, Sp. nov. 

Shell of medium size, gradually enlarging from the apex; section 
slightly ovate, siphuncle rather large, and placed near the margin 
of the shell. 

Septa moderately convex and oblique to the axis, being arched 
strongly upward about twice their width on the siphuncular side, 
and equaling in width about one-fifth of the shortest diameter of the 
shell. Surface markings unknown. 

Length of the largest specimen seen, about 6 inches; greatest 
diameter of the outer chamber, 2^ inches; greatest width at the 
apex, J inch. 

This rare shell is only known from three imperfect specimens ob- 
tained from the upper limestone at Chester. 

No. 2,484, of the Illinois State collection. 

' Not«\ Those brief (l<»:*crlptIoiis aro publiAhod with th^ hope that the species may l)o 
iiropi-rly illustratod in a subscqiiciit voiuinn of theHe reports. The oriflrinals. all of whi<»h 
lH.>l«)im to th« 8tatt» Museum of Natural History, will be found properly cataloffuod in tlie 
i'as«'s of the Mustiuni. where th»*y will be accedsiblo to those who may desire to compaio 
them with similar forniB from other localities. 
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OKTiliX'KKAS OkaMKNSIS, Sp. XIOV. 

Slull fl(>n«,'jiti'. sk'iiiltr, very ^rsidiiully tapering to the apex; septa 
iMiiiiave. alM)ut 4 of them usually in the space of one diameter. 
Siphunele suhc-iiitral. surfact- inarkin«^.s unknown. 

This sljell has a general rescinhlanee to O. l{n)fhi'int'ni of the Upper 
Ci»al Measures, l»ut ililTcrs from that in the position of the siphuu- 
v\k\ whicli in i»ur specirs is deeiileiUy suhcentral. 

Pnsitinn and Inralitif: Chesti-r linll•^tune, vicinity of the Okaw 
hhitfs, near lUd 13uil, Randolph county, Illinois. 

No. 'i.-ls";, of the Illinois State ciillection. 

OinH(»cEHA8 LaSali.knsis, Sp. nov. 

Slull small, «;railually taperiiij*. Surface onianiented with trans- 
verse ri<ljies or elevaticHis; situated at irre«-rular distances from each 
other, and with delicate thrc-ail-like stria- which cover the transverse 
ridj^es as well as tlie s])acis hetwtt'U them. The ridges and striae 
^\ill scrvf In di>ti!i^'uish this sprrifs frnni any hit heiio found in the 
dial M^•:^•^l;l•^■^. its (»nianii'ntatii>n n>emblinji that of the O. undu' 
lutum (»f the Niajjara iinn-^ttnu' nmn- eh»si'lv than any other known 
Anu-rii-an ^jHciiS, Thi* fra.L'nunt jiri'M-rvfil sei-ms to belong to the 
noii-M ptatf pnrtion of thr hIuII. 

PoMthni and Inoditu: Koof of thr niidtlle ccml, LaSalle, III. 

Nn. 'i.lsd, nf till' Illinois Stati' (M)lh-ctiim. 

m 

PLr.rnoToMARiA Montkzi'ma, Sp. nov. 

Tliis fine shell is only known from an imperfect cast of the last 
whnri, wliieli may Ix* (iiscrilied as follows: 

Shell attaining' a larj^e size. l»roadly conical in outline; whorls 
tlirue ur moif, rapidly diminishing in size towards the apex. Last 
whorl oi»li(|Urly ilatttiicd, sliowin^,' a surface about two inches 
in I)reailtli, whirl] i.s travrrsed by ai»out ei^ht rather strong revolv- 
ing: ^i^i;^■, srp;ir;iti d I>y shallnw de]»ressious tliat are about | of an 
inch \\id«* ntnr the npi'rture. The under side of this whorl was also 
tr.ivii>ed by nnniLrcns revulvini: Avhw almut half as far apart as 
thii.-i- on lln- upju-r >'hU\ hu\ tluir niimbrr can not Iw fully deter- 
niini 1 by the .*-pi cinun in liand. A raided line around the inner 
.•>i.K" uf tbr wlinrl ln.in*ntcs tin- piv^i-nce of a rather wide and deep 
umbiliriH. 
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Greatest width of the specimen in hand, 4^ inches; height of 
the outer whorl, IJ inches. 

Position and locality: The only specimen seen was obtained at 
A[ontezuma, Pike county, Illinois, from near the base of the Bur- 
lington limestone. 

No. 2,487, of the Illinois State collection. 

Dentalium Illinoiensts, Sp. nov. 

Shell above the medium size, long, straight cylindrical, slightly 
tapering, and scarcely inflated at the aperture. Surface originally 
smooth, but slightly roughened from weathering in the specimen 
under examination. 

Length, 5^ inches ; width near the aperture, 7-16 in. 

This species differs from D. Missouriense of Swallow, in its larger 
size, smooth surface and straight form. 

Position and locality: Lowest beds of the Chester limestone, Ches- 
ter, Illinois. 

No, 2,488, of the Illinois State collection. 



CoNULARiA Chestereksir, Sp. nov. 

Shell attaining a medium size, long and rather slender, gradually 
tapering, nearly equally four sided, the four angles being distinctly 
and rather deeply furrowed, while a slight furrow marks the median 
line on each side. The sides are crossed by numerous raised costje, 
which arch slightly forward from the angles to the median line, 
making an angle with that line of about 14°. They do not cross 
the angular furrows, but are alternately arranged so that those on 
one side terminate at the intervening space between those on the 
opposite side. These spaces are about twice as wide as the costa), 
and are widest at the median line. 

The aperture is not well preserved in any of our specimens, but 
the shell was notched at the angles and probably contracted at the 
aperture. 

Length of a rather large individual, 5 inches; breadth between 
the angles near the aperture, 1 inch ; number of costffi in the space 
of an inch nejir th^ aperture, 20; near the apex, 80. 

l^oaitfon and locality: Chester limestone, Chester, Illinois. 

No. 2,489, of the Illinois State collection. 
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Pinna St. Ludovici, Sp. nov. 

Shell oompnratively short, lanceolate; length about twice as much 
as the greatest width. Section ovate-elliptical, valves traversed 
lout^'itiulinally by about twelve to iifteen rather strong ribs that are 
most prominent on the middle portion of the shell, and become 
obsolete towards the vental and dorsal margins. Spaces between 
the ribs narrow, beak unknown. Angle formed by the dorsal and 
vental margins about 10 . 

This rare species is only known from a single specimen preserved 
in chert, \\ith both extremities wanting. It may be readily distin- 
tinguished from /'. MigsinmoiMis of the Chester group, and from 
any other speeies known in onr CarlK)niferous rocks, by itb shorter 
form and greater proportirmal width. 

PfAitiun and localitii: St. Louis limestone, Monroe county, 111. 

No. 2,11H) Illinois State collection. 



CYPuicAuniA ? Kanpolphknsis, Sp. nov. 

This shell is only known from some casts in limestone, which may 
l)e briL'lly deseribeil as fttllows : 

Shell oblong, height from the beak to the ventral margin aboat 
half the Ungth, valves moderately convex on the anteri4)r portion 
of the shell, and depressed towards the posterior end, where the 
valves were apparently elosely joined. Beaks rather large, depressed 
and incurved i>eyond the dorsal margin, and situated about two- 
iifths the distance from the anterior to the posterior extremities. 
A broad and slightly tiattened depression appears on some of the 
casts, extending from the beak to the ventral margin of the shell. 
l)orsal margin nearly straight, vt-ntral margin parallel with the 
dorsal for about two-thirds of its length, curving abruptly up- 
ward on the anterior, and more gently on the posterior end. Lunnle 
ovate : surface markings unknown. 

liCiJu'th of an average R])ecimen, 2;; inches; height, IJ inches; 
tliickuess, IT)-!!') inch. 

]*t,s}tiini timl htrdlif/r Chester limestone, Randolph county, 111. 

No. -i.l^.n Illinois State collection. 
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Descriptionn of now Carboniferous EchinodermR, by A. H, Worthen nod 8. A. Miller. 



CLASS ECHINODERMATA. 



ORDER ASTEROIDEA. 

Family PALyEASTERID^. 

C0MP8A8TER, n. gen. 

(Ety. Kompsos, olofirant; aster, a star.) 

Body stellate ; central area or disc comparatively small ; rays large, 
long, more or less fusiform; grooves deep and bordered by numer- 
ous thin, subcircular, adambulacral plates. The ventral side of the 
typical species shows about six rows of plates upon each side of 
the ambulacral furrows, which have a regular, transverse, as well 
as longitudinal arrangement. 

This genus is distinguished from all others in the family ])y the 
number and form of the adambulacral plates, by the great number 
of disc plates upon each side of the ambulacral furrows, and by the 
general fonn of the body and rays. 

GOMPSASTEB FOBMOSUS, Sp. nOV. 

n. XXXI: Fifir. '^ (I, ventral side, natural size; flir* 2 h, section of a ray onlarflrod two di- 

ainetors. 

Body deeply stellate ; central disc comparatively small ; rays rigid, 
large, fusiform, more than twice as long as the diameter of the cen- 
tral disc, and temiinating abruptly in an obtuse point. The typical 
specimen furnishes the following measurements: Diameter of the 
body, i',r„ inch; length of ray from central part of disc, l.iVir inches; 
(litinieter of the ray at its junction with the body, iVn inch. 

Ambulacral grooves deep; ossicles rather small; adambulacral 
plates very numerous, and consisting of a series of thin plates upon 
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each siili' of thi' ani)>ula(TaI fuirows, whirh are rounded upon the 
I'xti'i-ior, prolimjrcd l»cl(»\v. and carh lH*ar ii short, sharp spine on the 
uj^iur part of the inner side, dirertfd toward the apex of the ray. 
Thcrr an* aliout 4*i«;hty adandnilacrals ui)on each side of the furrows, 
nnd they diniinisti very slowly in sizi* toward the apex, after passing; 
the fusiform t^darpincnt of the ray. 

The i1is<'-))Iates ahut upon the adamhulaerals in a straight line; 
thoy are suhiiuadraiif^uhir, or polygonal, and each liears a short, 
strong central spine. Six longitudinal rows appear on the ventral 
side on each side of the anilmlacral furrows; they are somewhat 
uniform in size, arranged in transverse, as well as Itmgitudinal order, 
and are alunit two-thirds as numerous in a longitudinal row as the 
l>lates in an ami»ula«'ral Peries. 

Oral plates, nmdreporiform tuherele, and dorsal side unknown, ex- 
cept so far as \\v may ju«lge of the sjiinous character of the plates 
from those visihle on the ventral side. 

This large and heautiful species is so distinct from any hitherto 
di'serihed, that no compariBon is necissary for the purpose of iden- 
tification. 

Pttxititm nnd larnlify: Okaw bluffs, between Chester and Kaskas- 
kia, Randol]di ctHuity, Illinois; from the secimd division of the 

Chester limestiMie. 

Illinois State collection of imi by A. II. Worthen, No. 2,476. 



Cholasteu n. gen. 

llody truncated ]>entagonal, central area circular, deep and large 
in ])roportion to the rays; rays distant, small, short and abruptly 
truncated. 

I>orsal side i^ossessing a rather large centro-dorsal plate, which is 
surrounilcil by five plates occupying the position of radials, while 
the other part is covered with numentus small disc plates. 

This genus being founded on a specimen showing the dorsal side 
only, further ]>articu]ars will bo found in the definition of the species. 
This fossil is so widely different from those heretofore discovered 
tliat we think it belongs to a distinct family, which might, very 
aj>])ro])riately. be designated the ChuhiHtir'nhr, b\it until other speci- 
mens have been found Bbowing other parts of the body, we prefer 
to lot the familv remain undelined. 
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Cholaster peculiaris, Sp. nov. 

PI. XXXI. FiflT. 4. a. Dorsal viow, natural size; b. Section of a ray onlarffod. Ahowin^ 
the arranflToment of the plates. 

The general form of the body is that of a truncated pentagonal 
star, with a large circular disc. A centro-dorsal plate is surrounded 
by five others, all of which are much larger than other plates of 
the body, and occupy a centro-dorsal depression. The position of 
these five plates is that of radials, resting upon a basal, and there- 
fore, all other plates of the body might be regarded as radials and 
interradials, the latter being very numerous, because of the wide 
separation of the rays at their junction with the body. The inter- 
radials are polygonal, convex, or subspinous plates, without much 
variation in size whether filling the larger or smaller interradial 
spaces. The plates following the larger radial plates, as above de- 
fined, in the direction of the rays, are not, however, by their form 
or arrangement to be distinguished from the interradials, though 
dififering from those forming the rays. The plates covering the 
dorsaf side are thus divided into three kinds, viz. : First, the larger 
plates filling the centro-dorsal depression ; second, the disc plates 
which cover all other parts of the body except the rays, and, third, 
the plates which cover the rays proper, which in this species are 
easily distinguished from the central disc plates. 

The rays are short, abruptly truncated, and slightly expanded at 
the apices by reason of an enlargement of the terminal plates. 
They are widely separated from each other, though not at uniform 
distances, and present the appearance of having been stuck on 
the central disc, instead of having grown from it, an appearance 
more marked, by reason of the change in the form of the plates, 
from the disc to the rays. 

One of the interradial spaces is much greater than the others, so 
that a line may be drawn across the disc, leaving three entire rays 
upon the smaller half. The back of each ray is covered by a series 
of transversely elongated plates separated from the side series by a 
longitudinally impressed line. A single series of plates covers either 
side of a ray, interlocking with the transverse dorsal series and di- 
rected backward toward the disc. 

The oral plates are unknown, and no madreporiform tubercle has 
been detected. 

Position (uid hcalUif: Same as the last. 

No. 2,480 Illinois State collection of 1880. 
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()iM)KK oimiiitkoidp:a. 

TuHMATASTKR, n. gen. 

'Ety. trftna. an oppnlnic: aiitt>r, a Htar.i 

l^xly 8toll:itt>. central purt discoiil, niys long, Hexuous and grada- 
iilly tajti'rinu'. HMy» consisting of a double series of ambalacral 
plates, forming, to^i'thcr, a subcuneiform series with the tapering 
endH directed toward the apices of the raj'S and uniting with the 
Iar<:er ends of the succeeding double ])late8, upon each side of which 
there is a series of curved adambubicral plates, which form the 
niar*^nnR of the rays. The pores are large and situated between the 
contracting sides of the ambulacral plates and the concave sides of 
tlu' curving adambulacrals. Four plates border upon each pore 

m 

though nenrly surrounded by two of them. Plates ten. Dorsal sur- 
face unknown. 

This genus is distinguished by the ])arallel arrangement of the 
nnibulacrals and adambulacrals, instead of the alternate order, and 
by the large pores. 



TliEMATASTKU lUFFIcMLIS, Sp. nOV. 

IM. \\\I. lln. :{. M. v.'ii'ral ^i'li* mnu'nili-il two ilijiiiiftiTH. M*r. H, b. section of a ray ahowlni* 

till' arraii»;<MiiiiiT ••( t)i«* pluti'^ nuicnillfil fuiir diameters. 

J>ody ^<t(•llMte, <lisc small, rays long, Hi-xuinis and gradually tapering. 

Ambulacral platts subtrigonal, elongated, and united upon their 
straiglit faces in ]>ara]lel order, so as to form a series of sub- 
cuueiforni sections at tbe bottom of the ambulacral groove, with the 
tai)ering end of cacli directed toward tbe apex of the ray, and uniting 
with the larger entl of the next succeeding double plate. 

Adanibniacral ])hites parallel with the ambulacrals, and each forms 
a <-urve fnmi the larger end of an ambulacral toward the apex of 
tile ray, to unite witli the next s\icceediug adambubicral as it curves 
away from its irttaclnueiit to the ambulacral. By this order of con- 
struction the adambulacrals are I'lxed. at one end, to the ambola- 
crals, wliih' the other end moves upon the curved surface of an 
adauihulacral no as to allow the same lateral tlexibility of the rajrs, 
secured in otiier genera i»y tbe alternate arrangement of the plates. 

The ])ores are large and situated between the contracting sides of 
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the ambulacral plates, the concave sides of the adambulacrals, and 
the attaching ends of the succeeding plates, so that they are bounded 
by four plates while nearly surrounded by two. 

The oral plates form, in pairs, elongated triangles, with the acute 
angle directed toward the center of the visceral cavity. The apices 
are joined by a suture with the basal portions, which are partly 
separated by a dividing furrow. A single genital pore perforates 
each basal section of the oral plates. Dorsal side unknown. 

Locality and position: Prairie du Long c^eek, Monroe county, 
Chester limestone. 

No. 2479, Illinois State collection of 1878. 



ORDER PERISCHOECHINID^. 

Family LEPIDECHINID^E. 

Hybochinus, n. gen. 

(Ety Au&o«, hump-backed; echinus, the soa urchin.) 

Test flexible subspheroidal, and consisting of five (?) ambulacral, 
and the same number of interambulacral areas. Ambulacral areas 
composed of numerous ranges of interlocking and overlapping plates, 
each of which is perforated in the central part, by a single pair of 
pores. The plates imbricate from below upward. Interambulacral 
areas narrower, and consisting in the equatorial region of five or 
more ranges of overlapping plates some of which disappear before 
reaching the poles. The plates imbricate from above downward and 
from the central range outward. Surface covered with small gran- 
ules — not large tubercles — for the articulation of minute spines. 
Jaws consisting of large, subtriangular, truncated conical pieces, 
deeply furrowed towards the ends, and perforated in the central part. 

This genus is rehited in many respects to Leptdesthes, but differs 
in the important particular of having the imbrication of the plates 
in the opposite direction, as in the Kchinothuridce or more modem 
family of flexible Echlnoids, The humps and protuberances of the 
upper end of the type specimen, which suggested the generic name, 
are supposed to indicate the great flexibility of the test, and an ab- 
normal development of the number of ambulacral plates. An ab- 
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normal dcvt'lopmint of tlio platos in LepideHtheB^ however, could not 
product- such protubiTaiires at the apical end, because the imbri- 
cation of tljc* ])lates irt downward and would not permit it. Had we 
otli« r s])c('iniens sliowin^ an irrc[;ular development of the ambulacral 
ari*:is and <rreat increase in the number of plates towards the apical 
end. we would couple this feature with the remarkably developed 
jaws, and refer the ^cnus to a new and distinct family under the 
name of Iht^Hu-hlmthr, At present we leave it in a family where it 
Peems to have at least sonu* allinity. It is quite unnecessary to com- 
pare it with any other ^enus, or for the purposes of identification 
to continue the comparison with other characters possessed by 

Lvplth'iiiht'iii, 

Hybochinus si»kctahilis, Sp. nov. 

n. XXXI. l1k'. '• a.; vii'w of 11 ili*pr*'»isiMl si^MMnipn an It appoarj« nn n slab, showinir 
imrt-* «<f f«»iir anil-iila'Tnl, ainl tlm'*- jntiTaiiilHiIufriil iiifii!^. a p«'Ouliar horii-likA protnbor- 
;in<>i' iiiul tin* M->tru><i>t) t>f tin- \\\w-<'. lltT. •'>. !•.. vii*w of ilu* iritorambuliicral plates and two 
raiii^i's i'f Hii:>>i:!.i<r:il- i>ri ••ui-h ^i<li' iwar the niii>-al (*nil. muKiiitk**! two iliamcterH, some 
nf Oh' ^i-atti-riiit; "•I'iin's fn>ni Mw iiitfraiiiliii)ai*ra!h uro alsn iinlioattMl: Us. 5. <*., macrnifled 
vii'w -if tlif aii.l'ulairal or 'itlii-r platr?* as ilny are tliruKt out in tlu» horn-like protuber- 
aii<-«': lie :.. il.. nia);iiif!»>i| \.>\\ i>f ^«ini** of \\w aml>uiacraU and lulambulacrnU: flff. 6, 
suiiiiiut of a •Tii^iifii spifinii-M showing; the jawi>: Hk. 7. jaws that may beloiiff to this, or 
a ki!iilp"il -;|u'. •{•'.-. 

(lenoral f«trm suhsplieroidal, moditied, however, by the extreme 
tlexihihty of the ttst, and as it appears, in the type, at the apical 
end. by ])t"culi;ir proluhcrances, one of which projects like a horn. 
Ten raufjjes of jilates may he counted in an ambulacral area in the 
tyjH' specimen, hut this luimher may be, and probably is, exceeded 
in ilk' equatorial region, for ten ranges may lie distinguished in the 
hnrn-like ])rnjectii)n from one of them, where all the ranges are 
certainly nnt ex])«)sed. The ambulacral plates imbricate from below 
uj)w:ird, each exposin«: a somewhat regularly hexagonal area, trans- 
versely elrnij^^ated, in the central i)art of which there are two pores. 
As the plates inihricate upward the lower part of each is covered, 
so tlijit. in fact, the jxm'S occuin' an upper central position in each 
])late. ])assin<: tlinui^di at the lowiT inner edge of the succeeding 
iiue. The ]»lates are so htveled as to form a smooth exterior to the 
hr^dv. The iutenmihulacral areas are lanceolate, a little more than 
half as \\i<l(* as Ihe anihnlacral areas, and consisting, as shown in 
cuir s]i. ciiinii, at a i)r»iiit above tile eijuatorial region, of five ranges 
«>r ]»Iat« >. Tlie raii^'es deereasr in number toward the poles, and 
the plate- slij/htly diminish in size. The plates imbricate down- 
wanl, and from the central ranye outward, so that they overlap the 
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ambulacral plates upon either side. The exposed surface of each 
plate is quadrangular, and usually square, or nearly so. The sur- 
face is covered with small granules for the articulation of minute 
needle-like spines, the articular ends of which are marked by a 
slight swelling. The jaws are remarkably large, and seem to have 
formed an ovate body of ten or twelve pieces, each of which is 
deeply furrowed at the ends, and perforated in the central region. 

Other openings and characters of this species cannot be correctly 
defined from our specimens. Those represented by figures 5 and 6 
show only the crushed apical regions and the parts described, and 
were collected from the Chester limestone on Prairie du Long creek, 
in Monroe county, by A. H. Worthon. The one represented by fig. 
7 was obtained from the same horizon in Pope county, and may or 
may not belong to this species. The jaws seem to be smaller than 
they are in the other two specimens, but this may result from their 
being more fragmentary. One genital plate, however, appears upon 
this specimen having four pores, and if it belongs to this species it 
will of course add that additional character. 

No. 2,481. Illinois Stat^ collection. 



Genss PERISIIODOMUS, McCoy. 
Perischodomus Illinoiensis, Sp. nov. 

PI. XXXI. fig. 8, view of tho upic^ end of a distorted specimen, natural 8lze. 

General form ai)pareiitly subspheroidal, and as there are five am- 
bulacral and five interambulacral areas, and the former are so nar- 
row, it probably has a subpentagonal outline as noticed by McCoy 
in diagnosing the genus. 

Ambulacral areas narrow, depressed, over-lapped on either side by 
interambulacral plates, and consisting of a double series of inter- 
locking transversely elongated plates, each one of which is pierced 
by a single pair of pores. These plates are not uniform in size nor 
shape, though most of them seem to have imperfectly defined sub- 
pcntiigonul outlines. They slightly overlap from above downward. 

Interambulacral areas covering nearly the entire surface, but as 
the eijuatorial region is not preserved, it is impossible to state the 
iiuiiiber of ranges of plates in each area. There may be five and 
there may be seven only i\\e can be distinctly determined from the 
ai)ical view of our specimen. The plates are very irregular in size, 



:i:U rAL.tlONTOLOGY OF ILLINOIS. 

imlirii-atf niiwaril. ainl the two ri>w.s adjoining the ambalarral areas 
inihricatL* outward, but whuther the inibrieation is from the ceutral 
ran^^t' outward, as is u>ual in surh cases, caunot be det<3rmined. for 
thi* central ranjzc siiins to be diiircsscd. which may have resulted 
from thr crushing the fossil has received. 

The ])hil<s tuire two kinds of spines; those hearing the larger kind 
possessed a siiit^le central spine, hut those bearing the smaller kind 
pi»rs(sse<l two or more suhniarginal (»nes. The central supporting 
tuherch* is a moderately iar^e smooth hemispherical nipple with a 
central perforation, (hily one plate of this kind is shown upon the 
typical specimen, and it is in the second range from the ambulaeral 
area at about the sixth plate from the <;enitals. The secondary 
spines were borne by both rows of ]dates on each side of the am- 
buhicrals. as indicated by small, more or less conical elevations, 
some of wliich show a minute perforation, and indeed may have been 
borne by the plates in the other ranges. Other characters of the 
species unknown. 

The plates, in the interambulacral areas of this species, correspond 
in number, order of arranu'omiiit, and spinous character so much 
mori* nearly with Pfrisrhiultmin:* than with Lcpidechiniu, the most 
nearly approximating^' ^enus in other known respects, that we have 
little doubt of the correctness of the generic reference, though it 
would be unnecessary to point out how it differs from the European 
forms for the ]nn'pose of specific distinction. 

Collected by A. II. Wort hen from the Chester limestone at Bay 
City, pope county, Illin(»is. 

No. 2,183 Illinois State collection. 



INVERTEBRATES. 835 



ORDER AGELACRINOIDEA. 



FAMILY AGELACRINID^. 

EcHiNODiscus, n. gen. 

(Ety, echinu8» sea urchin: dUkos, a round plate.) 

Body discoid, depressed convex, the smaller plates being found in 
the border and ambulacra adjacent thereto, and the larger plates 
occupying the central part of the interradial spaces, none of them 
imbricating. The border consists of narrow plates elongated in the 
direction of the circumference, and passing around upon the under 
side, forming a cylindrical nonsessile rim. Ambulacra five, con- 
nected near the central area, but not arising from a common point, 
consisting of narrow, curving angular arches, sharply defined on 
either side, and composed of numerous interlocking or dove-tailing 
plates. Mouth or ovarian pyramid central or subcentral. 

This genus is distinguished from Agelacrinvs, with which it seems 
to be most nearly related, by many important characters. First, 
it is not composed of imbricating plates. Second, the manner of 
attachment to other objects was different, as in this genus the mar- 
gin was free. Third, the ambulacra do not arise from a pyramidal 
elevation or common point, but, one may be said to arise on one 
side of the mouth, and to connect, by an ambulacral series of plates, 
with the points, at which two arise, on either side of it, or that two 
series bifurcate, if it is considered that three series originate on one 
side of the mouth, in the first instance. Fourth, the mouth or ovarian 
pyramid is subcentral, while in Agelacrinua it is submarginal. This 
elevation would seem to be homologous with the mouth in the echi- 
noids, for below it, within the visceral cavity, there occur several 
pieces, which were evidently connected with the digestive functions, 
and therefore homologous with the jaws in the latter order. 
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EcillNODlSl'rs OITATUB, Sp. DOV. 

V\. XXXI. Fik'. !>. vii'w iif |iart of tho iuw<>r »U\** i»f a Rpocimnn c^howini; the platus near 
till' iiiar»:iii. 

liody discoid, rather lar^'e, liein^ more than an inch in diameter, 
and havin<^ hir^t> phites in the iiiteramhulacral areas, and smaller 
oni>H oil other parts of the test. The margin is composed of small 
phitcs elon<^Mted in the direction of the circumference, and formiiic^ 
a senii-i'viindrical or rounded rim, l)ut not attaching to other objects, 
showing that if the H])ecies was sessile it did not unite by the whole 
underside, as in AihlarnnuH. 

Interamhuhicral areas depressed, concave, covered with polygonal 
plates, thi»se in the central part lar^e, while those in the margin 
are suialKr, and appear as if trimmed to a straight edge for the 
reception of the amhulacra. 

The amhulacra are lon^'. slender, curving, angular arches, svi 
witliin the face of the disc, and joined with the interambulacral 
platfs hy strai^'ht lines, without interlocking or imbricating plates. 
They are composed on each side of alternately longer and shorter 
plates which interlock at the an^^ular arch, with each other and 
with smaller intercalated plates, so as to give a zigzag outline to 
the dovetailing union of tlic plates on the surface of each ambu- 
lacrum. The amhulacra do not arise, as in Aprlacrinus, from a 
central pyramid, hut the divisions take ])]ace near the central part of 
the disc, separated hy numerous anihulacral plates, and on different 
sides of thi' moutli. The manner of bifurcation may be described 
in this way: a ilivihioii takes i)lace on one side of the mouth, from 
whence two amhulacra curve over the face of the disc, and an 
amhulacral scries of plati'S is directed past the mouth; at the dis- 
tance n{ om-teuth of an inch it throws oif, in the direction oppo- 
site the umuth, a curviiitj: auihulacruni and continuing to pass the 
mouth, at the distance of another tenth of an inch it divides into 
two amhulacra. This leaves the moutli in the wider interambu- 
lacral area. 

Tlie mouth would seem, from the conditi(m of our specimens, to 
i'c ceiural, hut it may he sliuhtly suhceiitral. It consists, on the 
exteiinr. of an elon^iated elevation covereil hy numerous plates of 
lari/rr ami smaller si/.e, which are sui>])orted on the interior by a 
fewer numher of plates, some oi which are tinted, but the exact 
onler, arran«:emeut and purposes of which are not determined. 
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Collected by A. H. Wortben from tbe Chester limestone in Monroe 
and Pope coimties. 
No. 2,478, Illinois State collection. 

Abcbleocidabis Edgarbnsis, Sp. nov. 

PI. XXX. Plff. 15. a. b. c. 

Primary spines long, gradually tapenng, cylindrical; ai-ticnlating 
end perforated witb a round aperture, and enlarged in a space of 
about a quarter of an inch into a strongly striated ring, from which 
it rapidly decreases above to its normal diameter at the articu- 
lating extremity. The upper portion of the primary spines for about 
three-fourths of their entire length are rather thickly set with short 
lateral spinules, that project upwards towards the extremity of the 
spine, where the latter terminates in a mucronate point. 

Interambulacral plates hexagonal, length and breadth nearly 
equal, with a single row of granules on the rim of the smaller 
plates, while on the larger ones tw^o or more rows of small granules 
may be seen. 

This species bears some resemblance to A. inucronatus, Meek and 
Worthen, described and figured in Volume 2 of these reports, page 
295, PI. 28, fig. 3, a. b. e. That species was obtained from the 
Chester limestone, and the A. Edgarensc may be readily distin- 
guished from that by its shorter and more numerous spinules, its 
strongly striated ring, and the less robust character of its primary 
spines. 

Position and locality : Upper Coal Measures, one mile east of Bald- 
winsville, Edgar county, 111. 

No. 2,4-47, Illinois Stat« collection. 

Aacn.i'^ociDARis spino-cla.vatu8, Sp. nov. 

PI. XXX, n^. 14. a. h, c, (J, e, and Vol. 6. PI. XXIV. tig, 13. o. h, c, d. e 

Primary spines rather long, moderately stout, cylindrical at the 
base and gradually increasing in diameter toward the upper ex- 
tremity to twice or three times the diameter below, and then rapidly 
diminishing to an obtuse termination. 

The enlarged upper portions of the spines are sometimes subtri- 
anguhir in section and thickly covered with nodose spinules, which 
are longest on the angles, and directed upward toward the apex of 
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the spine. These nodose spinules continue down over the middle 
portion of the spine, but they are smaller and less numerous than 
on the clavate portion above. The lower part of the long spines 
are nearly or quite destitute of spinules, but on the shorter ones 
they continue nearly to the basal ring. This ring is nearly twice 
the diameter of the articulating extremity, and smooth. 

Interambulacral plates hexagonal, with a nodose rim around their 
margins, and there are indications of low granules scattered spar- 
ingly over the outer surface of some of them, but they are highly 
silicified, and their external markings thereby obscured. 

Central tubercle strongly elevated, papilliform, with a rather deep 
space between it and the annulation, the latter forming a distinct 
and slightly projecting rim for its support. 

This species may be readily distinguished from other Goal Measure 
species by the spino-ckvate character of its spines. 

Position and loralities: Middle and lower Coal Measures, St. Clair 
and Marshall counties, Illinois. 

No. 2,404 Illinois State collection. 



Arcil^:ocidaris Illinoiensis, Sp. nov. 

VI XXXI. Fip. 1. a. b. 

Primary spines rather stout, cylindrical, tapering very gradually 
al)Ovo the articulating ring to their extremities. Articulating ring 
subaugnlar, and from this the spines contract rapidly to the articu- 
lating extremity. Just above the articulating ring the spines are 
slightly curved, and above the curvature they are studded with short 
sharp spinules that are directed outward and slightly upward 
towards the extremity of the spine. The articulating end is perfo- 
rated by a round aperture, which extends about to the articulating 
ring. 

The only specimens of this species yet obtained consist of pri- 
mary spines, and some fragments of the inter<ambulacral plates, 
the hitter too imperfect for an ac(*uratc description. 

Positi^ni and localitj/: From the black beds of the St. Louis lime- 
stone, near the Illinois Furnace, Hardin county, Illinois. 

No. 2,47t'5, of the Illinois State collection. 
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SECTION III. 



DESC'KIPTION OF FOSSIL INVEKTEKKATKS. 
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W. II. lUhhii^. 



PAL^OCRINOIDEA. 



Gexl'S ALLAGECRIXIT8, Carp, ahd Kthor. 



Allaoecrinus CARrENTKKi, Waohsiuuth. 

ri. XXIX. Kill. 14. 

AUagecrinua Carjientfri, WirHMMTTH. Fohnmrt. l!^. 

Bulletin No. 1. of tho Illinois Stnto Munoum of NiHuml Hli»tory. \> 40. 

The unique specimen upon which thin HpooioH is fotnulod in frt>m 
the collection of Prof. Worthon, who kiu^lly pornuUtMl nu» \o ^loworiho 
it. It is partly irahedded in tho rook, htit only a Ht\nUl portion \h 
covered by the matrix. It conHiHtH of a iwo-inoh oohnnn. thn oalyx 
and arms. The calyx is Honiowhat pro^mMl out of nlinpo, hnt with 
this exception is excellently prnHorvtMl. Tho npooinion in pnnill, itrt 
length measuring from tlio hiiHal dink to thotipHof tho nnnn Hii.lim 
parts of an inch, to the arm hasoH ir».l()() partH, of whioh tho hiituil 
disk occupies only I.KX) partH. 

Specific Diagnosis: The calyx is of Hniall hI/o, tho form Im «\vlin 
dro-conical; it is com])OHod of two rin^H of platoH, Iho iippi«i' Miip 
porting the anuH. There are no intormdialH, and no a/.y^onii mmIo, 
Plates strong, without ornamentation. 

Basal disk undivided, at least without viHihlo mitiiro linoM ; ii Ih 
short, tliree times wider than high, Hanccr-Hlnipod i\w iippor Midi' 
but little wider than the bottom part, with very ohtimo nppor anglon. 

Hadials lxi!>, differing Hom<!what in width, widor at tho top, 
quadrangular in outline, but actually pontnngnlar; axillary, wiili 
very obtuse upper angles, the sloping Hides slightly oxnavatcd and 
supporting thf; free arms. 

Arms two from each ray, simple throughout, unequal in si/e, 
some of them one-half thicker than others— not tapering: nearly an 
thick at the distal end as at the base. The armn are conntruetAil 
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of from eight to ten simple joints, the first joint one-half higher 
than wide, and dififering from the others by being flattened at the 
dorsal side, all succeeding ones rounded at the outer side, with 
slightly expanded ends ; upper and lower sides almost parallel. The 
length of the joints is somewhat irregular, varying from three to 
four times their width, but in proportion to the width of the arm; 
ventral groove wide and deep. No pinnules have been observed, and 
the construction of the vault is unknown. 

Column circular very strong at the basal disk, but tapering so 
rapidly in its course downward that at al>out one-fourth of an inch 
it is reduced to less than one-third its greatest width, whence it re- 
mains stationary as far as it is preserved in the sx)ecimen. The 
segments of the upper or conical part are short, sharply edged, and 
of the same height, but as soon as the column attains its ordinary 
size, the joints become abruptly higher, more cylindrical, and thicker 
and thinner joints alternate in the usual way. Central perforation 
small. 

The specific name is given in honor of P. Herbert Carpenter, 
Assistant Master at Eaton College, England, one of the founders of 
the genus AUagecrinus* 

Geological position, etc: From the Chester or Kaskaskia limestone, 
Monroe county, Illinois. 

Illinois State collection. 



•Tho (foniirt Wiis pn)po9i(>(l by P. Horb. Cnrpontor and Dr. R. Etheridire, jun.. for a 
small Rpocios from tho CarboniferouH of Scot land. lAniialA ami Masozine Nat. Hist., 
April 1881, p. 2SI. 
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Genub ACEOCEimjS.Yandell. 
AoBOCRDirB WoBTHEKi, WachsmuUi. 

PI. XXX. Flit. 13. 
Acrocrinuir Wortheni, W1CB8MVTS. Febmary, 1883. 
BnlletlQ So. 1, of the Illlnola State Huaeum ot Natural Hlstor;, p. 10. 




This species is described from a single specimen, of which only 
the calyx is preserved ; the vault, the arms and the columns are so 
far unknown. The calyx, however, is in excellent preservatioc, and, 
notwithstandiug its small size, exposes plainly every plate. The 
form is calyculate, broadly truncate at the bottom, abruptly bending 
upward toward the base of the first radials, whence it gradually 
decreases in width to the anns. Ita length is 40.100 of an inch, 
its greates width 42.100, the width at the arm bases 34.100. The 
plates are plain, without ornamentation, but sufficiently convex to 
point out the sutures. 
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The penius Acrocrinus departB from most Palffiocrinoidea in two 
important pointB. The plates of the calyx, which in all species 
with a large number of ])late8 decreuso in size from the basals to 
the top of the calyx, in Acrtxrinus decidedly increase in the same 
direction. Another striking departure is that the radials are not 
connected with the basals, and partly not even among each other, 
but are separated by several rings of plates, which in their position 
are partly radial, partly interradial, and which have apparently no 
representation in other genera of the Pahrocrinoidea.f 

The specimen under consideration is comjxised of 8G plates, some 
of them extremely minute. There are two comparatively large basals, 
equal in size, the suture passing from the anterior to the posterior 
side, which together form a concavity within the truncate part of 
the calyx. The basal disk is surrounded by a ring of twelve very 
small triangular pieces, and those in turn are succeeded by a second 
series of seven plates each, arranged like the former, occupying the 
azygous side, and are separated, in place by radials, by a row of 
four hexagonal special anal plates, which, with the exception that 
the upper side of the upper plate is not excavated, have exactly the 
form and size of the four radial plates at the anterior ray. This 
ray has exceptionally four radials, hexagonal like the anals, which, 
with their truncate side, are connected among each other, and with 
the heptagon al piece of the second ring heretofore described. The 
four lateral rays not only consist of but three plates, but these 
radials have also a very diflferent form, and are partly disconnected. 
The first is hexagonal, with upper and lower sides angular, the 
second pentangular, angular below. Only in a single ray of the 
specimen do the anj^les of the two plates touch each other; in the 
four others they are separated by plates from diiferent interradial 
areas, which join here, there suture forming a line between the 
angles of the two radials. The first and second radials are all 
connected by a truncate side. The third radials are one-half wider 
than high, lii'xagonal, contrary to the first and second, which are a 
little higher. 



1 Thoy may havo in some genora a ropresentatlon in tho vault, in which to some ex- 
tent \\w plates of the caixy are repeated. Here the represontativefl of the basalB and 
radials are frequently s«»parate<l by one or more rintrs of Intercalated pieces. Thes« 
vauli pieces inereiimt in iniml)er by a»re, and are often entirely absent in voiinff specimen a 
or in small spiMdes of the jjrenus. beint: lu?re evidently n prodiiet of erowtn. In Acrocrinv^ 
one of the lat<'st IT'' icra of tlie rala*o«'rlnoid»*a. tlie intercabitod ruates in tlie calyx may 
havp a similar origin, but are here evidently not mere individual Rrowth, but have become 
a fixed character. 
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The interradials of the four lateral rays, toward the anterior side, 
consist of seven plates in four series, 2, 2, 2, 1 ; at the anterior side 
of only six pieces, 2, 1, 2, 1. The plates of the first series rest 
with their lower sloping sides against two of the intercalated pieces — 
those composing the second ring around the basals ; they are placed 
with their lateral side against the sides of their fellows of the ad- 
joining interradial area, except toward the anterior and posterior 
side, where they abut, at the former against the first radial, at the 
latter against one of the special anal plates. The plates of the 
succeeding series rest with their outer sides within the angle be- 
tween two radials, with the other side against the adjoining inter- 
radials. The plates of the interradial areas are either hexagonal or 
pentagonal, and their increase in size in an upward direction is 
even greater in that same direction among the radials, the upper 
one being fully three times larger than the two interradials of the 
first series. The same is true with regard to the azygous side. 

The anal side is very wide, and is composed of a median row of 
four hexagonal pieces, longitudinally arranged, and of a series of 
seven plates at each side of it. The latter are arranged like the 
seven plates of the two interradial areas adjoining the anterior ray, 
and as the radials of that side, as already stated, are arranged and 
constructed like the special anal plates, the anterior side, with its 
two interradial series, is almost a perfect counterpart of the anal 
area. The uppermost anal plate is hexagonal or, perhaps, octagonal, 
its upper side truncate ; its size is equal to, if not larger than, that 
of the first radials. 

Acrocrintis Wortlieni differs from the two previously described species 
of this genus most conspicuously in the form of the basal plates. 
The construction of the other plates is so imperfectly known that a 
comparison of other parts is impossible. There is also a great dif- 
ference in the form of the body. 

The specific name is given in honor of Prof. A. H. Worthen, the 
able director of the Illinois geological survey. 

Geological position and locality: From the Coal Measures of Peoria 
county. 111. 

The type is in the Illinois State collection. 
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ON A NEW GENUS AND SPECIES 



OF 



BLASTOIDS, 

WITH 0B8XBVATI0N8 UPOX 

THE STRUCTURE OF THE BASAL PLATES IN CODASTER 

AND PENTREMITES. 



Among some interesting new Blastoids, lately sent to me for in- 
vestigation by Rev. W. H. Barris, of Davenport, Iowa, collected by 
him in Northern Michigan, I found one type, which seemed to me 
of unusual interest as representing a form intermediate between 
Codaster. McCoy, and the new genus PhcenoscliisTna, Ether, and Carp. 
At my request, Mr. Barris not only kindly permitted me to describe 
the species, but he very liberally furnished me a number of speci- 
mens, which he allowed to be cut for sections. Before giving the 
description of the form, I wish to make a few remarks upon the 
termmology employed in this and the succeeding paper by Mr. Barris. 

Since the appearance of Prof. F. Roemer's classical work ui>on 
the Blastoidea, his terms, with slight variations, were used, both in 
this country and in Europe, by all the leading palaeontologists. 
Roemer's terms are no doubt appropriate, but they have the great 
disadvantage of giving new names to certain parts which in allied 
groups had previously received a proper designation. All parts that 
are founded upon identity of plan, or which are analogous in their 
functions, should always be called by the same name. Special 
terms, unnecessarily introduced, lead to the impression that the 
differences among the groups are greater than they really are, and 
they form a serious obstacle to an easy perusal of the works of dif- 
ferent writers. 
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Messrs. EUieridge and Carpenter have lately published through 
the Ann. and Mag. Nat. Hist., April, 1882, an interesting paper, 
"On certain points in the Morphology of the Blastoidea, with descrip- 
tions of some new Genera and Species," in which they explain the 
terms which they propose to use in their writings. Their terms are 
in conformity with those now in use for the Grinoids and other 
Echinoderms, and it would be of great advantage to science if they 
were universally adopted by future writers upon Blastoids. In order 
to give this terminology a wider circulation, and for the better com- 
prehension of the succeeding descriptions, I give here an abstract 
of their principal terms. 

The '*calyx,'' according to Etheridge and Carpenter, is composed 
of the ''basals'' the "radiaW* or forked pieces, and the "oraW or 
deltoid pieces. The suture between basals and radials is the "ban- 
radial suture ;" the more or less strongly marked ridge at the median 
line of each oral is the "oral ridge.** In the forked-shaped radials, 
the handle of the fork is the "body** of the radial, the two prongs 
are the "livihs;** between the limbs is the "radial sinus,** which is 
occupied by the "ambulacrum.** Of the ambulacral structures, which 
together fill up the radial sinus to a greater or less extent, the most 
important is the "lancet-piece,** which is excavated lengthwise by the 
"food-groove or ambulacrum proper.** Upon or against it rest the 
"side-plates,** pore-pieces of Roemer; they are marked by minute 
pits, the "pinnule pits or sockets,** which must not be confounded 
with the marginal pores or "hydrospire-pores.^* The supplementary 
pore-pieces of Roemer are the "outer side plates.** Beneath the am- 
bulacral fields are the "interradial systems of lamellar tubes or hydro- 
spires.** The openings of these tubes, if directly on the ventral 
surface of the calyx as in Codaster, are called the "hydrospire-slits;** 
if they are concentrated beneath the ambulacra as in Orophocrinus,* 
the gap between the edge of the lancet-plate and the sides of the 
radial sinus is the "hydrospire cleft.** This leads downward into the 
"hydrospire canal.** The canals open externally by the "spiracles,** 
formerly called ovarian openings. The spiracle or spiracles of the 
anal interradius may be confluent with the anal opening to form 
the "anal spiracle.** The plates covering the mouth and peristome, and 
which are sometimes continued down the ambulacra covering the food 
grooves, are the "summit plates or the vault.** 

♦Meek and Worthex in doflning. In 1869. (Geol. Rep. 111.. Vol. V, p. 464) the genus Codon • 
ifes, were evidently not aware tliat Von 8eebacn liaa proposed, in 1864, (Nachr. K. 
GoHolloch. zu GoottinKen, p. 110) for Fentremits stfUifomiis Owen and Shum. the genus 
Orovhovrinus. The latter has since been adopted by Ludwig, Zittei and by £theridge and 
Carpenter. 
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They further use the term ''oro-anal gUe'^ for the upper truncate 
regions of the body, and they include herein the ambulacra. 

It has been asserted by Mr. Lyon (Owen's Kentucky Rep. Vol. Ill, 
p. 4G8), that in the genera CiHlaater and Pentremites the plates, gen- 
erally known as basals, consisted of two successive series of pieces, 
and upon tliis ground he proposed a new formula for t)ie two genera. 
Only to the "lower series" of plates he applied the term basals, the 
"upper series" he called first radials. He explains the deficiency 
from five to three in the number of the latter plates, and the irregu- 
larity which he found in their fonu and position, compared with 
other radials, that the two equal hexagonal pieces were perfect 
plates, and the third smaller pentagonal one, imperfect. According 
to his theory, there were no iirst radials in two of the rays, and the 
rays commenced with a second radial. This curious interpretation 
of the plates, as might be expected, found no followers, but his view 
that in some of the Blustoids the plates formerly called basals were 
composed of two series of three pieces each, was afterwards accepted 
by Billings (Amer. Joum. Sci. and Arts, July, 1869), and also by 
Meek and Worthen (Geol. Itep. 111., Vol. V, p. 464). The former 
regarded the "lower pieces ' as basals, the "upper ones" as sub- 
radials; while Meek and Worthen in redescribing Orophocrimia 
{Codonites) stellifonms, 0. and Shum., distinguished the two series 
as basals and supplementary basals, the latter to be applied to the 
"lower series." They objected to the name subradials from the fact 
that the plates do not alternate with each other. In the course of 
their remarks they made the peculiar statement, that the lower 
series or supplementary basals 'Uvtre in adult specimens of Codonites 
stelliformis as solid as we Jlnd them in Pentremites, young indii'iduaU, 
however, show clearly that they are actually composed of five or six of 
the upper joints of tJw column, enlarged and anchylosed toy ether, ^^ 
Meek and Worthen undertook to prove this by a moderately small 
specimen, in which five or six joints of the column were preserved, 
and in the same direction divided longitudinally into three sections. 
It should be stated that the specimen, which was formerly in my 
collection — now in the Museum of Comparative Zoology at Cam- 
bridge — is not much below medium size, and, therefore, can not by 
any means be called a very young specimen. The column, as far 
as preserved, consists as in most Blastoids of remarkably short 
joints with sharp edges, and the joints are separated by rather deep 
notches ; the longitudinal sutures are not shown distinctly, but prob- 
ably do exist in the specimen. 
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If it were true, as Meek and Worthen asserted, that in *'Codon- 
ites" the five or six upper joints became anehylosed in more adult 
specimens, and were transformed into solid plates, it is very singu- 
lar that no transition forms have ever been found in this or any 
other allied species. I think a metamorphosis like this would have 
undoubtedly left traces of the colunmar joints in the growing 
animal, especially since the modification, as we may safely suggest, 
must have taken place gradually, and joint by joint; but although 
I have examined more than fifty specimens of this species, I could 
not find the remotest traces of former stem joints, or of a suture; 
all that I have been able to discover is a slight angular depression 
around the lower end of the cup. This depression, which has some- 
what the appearance of a suture, is caused simply by the more rapid 
spreading of the upper portions of the basals. Such at least is the 
case in some species of CodoniUs, Cadaster and Troostocrinus, in 
which the base appears as if it might be bicyclic, but actually is 
monocyclic, and in which the lower part is almost cylindrical, and 
resembles • an elongate columnar joint, while the upper part is 
conical. 

It seems to me that this upward spreading of the basals can be 
naturally explained by the growth of the animal. The form gener- 
ally throughout the Blastoids is in a young specimen more elongate 
than in the adult, and after attaining a certain growth, the calyx 
increases in height comparatively little, while the ambulacra still 
grow considerably longer. This disproportion in the growth of the 
different parts is equalized by the increase of the body in width, by 
which the ambulacra attain a greater curvature, pushing the basals 
and partly the radials, from a fairly sloping position to a more 
horizontal one, as shown in the following species, of which I have 
examined a large number of specimens in all stages of growth. 

In the young Orophocrinus steUiformis, the ambulacra occupy only 
the upper truncate side of the body, the lower portions are turbinate 
with nearly straight sides ; in very old specimens, however, the am- 
bulacra curves so strongly, and reach down so deeply, that the radial 
lips were brought into a horizontal position, almost to the level of 
the basals, and the sides of the body became concave, thereby push- 
ing the upper portions of the radials in a more outward direction. 

Schizoblastus {Granatocrinus) melo 0. & Shum. is, in its younger 
stages, elongate-ovate, in medium sized specimens subglobose to glo- 
bose, and in large specimens depressed globose. The same modifi- 
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cations, but perhaps not quite so marked, take place in Granntocri- 
nu8 Nonvoodi 0. & Shum., and in Schizoblastus (Granatocrinu^) Sayi 
Shum. 

Pentremites Godoni De Frame, in its earlier stages, is pyriform, 
and resembles P. pyriformis Say, later on it is globose. The lower 
portions, from the ba^als to the radial lips, are broadly turbinate 
and decidedly longer than the summit portions. Afterwards they 
become almost horizontal, and occupy, in large specimens, more 
than three-fourths the height of the body, at a time when the am- 
bulacra, which at first were scarcely longer than wide, attain a length 
of more than three times their greatest width. 

The modifications which here take place in the basals and radials 
are mainly produced by the increase in the length of the ambulacra. 
These plates, and particularly the basals, had acquired already at 
an early age a comparatively large size; later on the body of the 
radials increased much less in length than in width, as shown by 
the lines of growth, which are sometimes exposed. The basals, how- 
ever, which had attained almost their full height, and now had to 
accommodate themselves to the increasing width of the radials, bend 
outward, producing thereby the angularity at the outer side of the 
radial cup, by leaving the lower thickened portions, which were less 
pliable, in their former position. This explains fully the case as we 
find it in Codonites, Codaster, etc., in Pentremites^ however, under 
similar conditions additional modifications have taken place. 

Restricting the genus Pentremites to species with large i)etaloid 
ambulacra, most of them have at the lower end, at the junction with 
the column, a little projection in form of a cone, which is almost as 
prominent in small specimens as in the larger ones. This cone con- 
stitutes the lower part of what appears to be a tri-partite plate, in 
form of a clover leaf, occupying the central portion of the basal 
disc, into which it extends for some distance, following its curva- 
ture. It is frequently somewhat elevated above the general surface 
of the basals, and can be observed in most specimens with the 
naked eye. The sutures which separate the basals by their shorter 
sides in tlie usual way, divide the lower leaves lengthwise. From 
external appearance, one feels very much inclined to take the inner 
part of the basals to be an independent series of plates, but on 
grinding the surface there is no intermediate suture. In one of my 
specimens, which 1 take to be an extremely large specimen of Pen- 
tremites Godoni, I find within the clover-leaf another leaf-like struc- 
ture, but of less width, and beneath it eight joints of the colunm, 



INVERTEBRATES. 851 

divided longitudinally in the same direction as the basals. The inner 
leaf is at its border as distinctly marked as the outer one ; it extends 
not far beyond the column, but is considerably wider, and very much 
higher than the stem joints, which are so extremely short that there 
are eight joints to a length of half a line. The structure is such 
that there can be but little doubt that the inner leaf, although dif- 
fering considerably in its dimensions from the succeeding stem- 
joints, is actually nothing else but the proximal joint, which had 
become enlarged and gradually anchylosed with the basals. It is 
quite evident that the outer clover-leaf had a similar origin. At 
the outer leaf the sides of the anchylosed joint were more extended, 
and became almost eiltirely absorbed into the basal plates, leaving 
only external marks, while at the inner ones the column structure 
can yet be recognized, although the joint has here actually become 
a part of the basal plates. This is the only specimen in which I 
have observed a second series of plate-like marks, and I do not know 
whether this instance represents an abnormal case or is owing to 
the extreme size of the specimen; at any rate it gives an explana- 
tion how similar marks were produced. 

In corroboration of these views I will further direct attention to 
Pentremites ahbreviatus, Hambach, a very depressed species, in 
which the basals, even in young specimens, have an almost 
horizontal position, and in which as might be expected, there is 
no conical projection at the end of the basals. In this speci- 
men, the leaf-like marks are very large and conspicuous, they 
form a somewhat triangular, clover-leaf shaped disc, with rounded 
extremities directed to the basal sutures. The sutures are always 
slightly depressed, and the parts covering these depressions, 
stand out so prominent, that it appears almost as if in this 
case, exceptionally, the anchylosis had not been completed, and 
in fact I found two specimens in which the upper structure appa- 
rently had partly fallen out, leaving in its place, at the surface 
of the basal plates, a clover-leaf-like impression. The place to 
which the column was attached is generally well marked, and in 
one specimen I found remains of the proximal segment which is 
exceedingly thin and delicate, and like the anchylosed joint trian- 
gular in form, but the points of the angles directed toward the 
sides of the upper one. 

I think this fully sufficient to prove that the so-called supple- 
mentary basals in Pentremltes consist of a columnar joint, anchyl- 
osed with the basals and more or less completely absorbed into the 
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plate, and that the basals iu the Blastoids generally were mono- 
cyclic and not bicyclie. This seems to be also the opinion of Eth- 
eridge and Carpenter, although they state distinctly that they wish 
to leave the question for further consideration. 



Heterokchisma, Wachsmuth, Nov. gen. 

The form under consideration is closely allied to Cmlaster, and 
approaches Pluenoschisina, Ether, and Carp. The latter, according to 
Etheridge and Carpenter, diflfers from Codmter in the following 
points: **In the partial exposure of the hydrospire slits, and in 
their presence in the anal interradius, as well as in the four others. 
PJuenoschisma in consequence possesses ten groups of hydrospires, 
whilst Cmlagter has only eight. Further the former genus has rela- 
tively smaller orals than the latter, and it may possess outer side- 
plates to the ambulacra." (Ann. and Mag. Nat. Hist., April, 1882, 
p. 227.) 

Heteroschisma stands intermediate between the two forms, it agrees 
in the above characters with Plunioschisma except that it has but 
eight groups of hydrospires in place of ten. 

Admitting that the difference in the number of hydrospiral groups 
alone is sufficient for a separation from Codaster, the intermediate 
form must be placed either together with that genus, or be arranged 
under a new name. I follow the latter course, as I consider the 
structural differences in the oral plates as important as the numer- 
ical difference in the hydrospires, the more as they involve other 
important structural complications. In the typical form of Codnster, 
including the more flat-topped species with small orals, the latter 
plates cover almost the whole of the truncate upper face of the 
body, resting with their lateral sides against the inflected upper 
part of the limbs. The oral ridges consist of more or less strongly 
marked edges or elevated ridges, which occupy nearly the full width 
of the body. To both sides of the ridges are placed the hydro- 
spires, all located within the limits of the oral plates, only small 
portions of them being continued along the sides of the limbs. In 
the more clavate form with small orals, for which I propose the 
name Heteroschisma, the orals are partly only exposed to view; the 
visible part occupies a small space around the mouth; the con- 
cealed portions, which underneath give origin to the two inner 
hydrospires, arc overlapped by the ends of two contiguous limbs. 
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There is in Ifi'teronchisma iii the proper sense of the word, exteriorly 
no oral ridge; the part rei)n?senting it, is concealed from view by 
the overlapping limbs. The limbs are formed interradially into 
high pyramids with steep sides, of which two of the lateral-walls 
form tbe sides of the radial sinus. The pyramids enclose all but 
the two inner hydrospires, and are, with the exception of these, 
exposed along the sides of the sinus, but neither their slits nor 
their folds connect externally with the oral plates. The pyramids 
produce also im]i<>rtant modltications in the form and position of 
the hydrospires; in Cothmtrr these organs enter the body nearly at 
right-angles, and the walls are placed almost parallel to each other; 
in Jfctrrosrhlsma the hydros]»ires stand obliquely to the sides of the 
sinus, and are much wider at the outer side than at the inner. 
Contrary to the adjoining folds which connect with the slits, these 
increase in width at the inner end. The hydros])ires of UvUm- 
scluAnia are arranged closely around the mouth, while those of 
Caihtatev are placed away from the mouth. The differences between 
these two genera and the allied l^hunoHchlama are well seen in the 
accom]ianying table : 



IIyi>i:o.si'1i:k.s. Amiji.'I.ack.v. Ouals. ' OuAi.-uiiMiE. 



GENKUA. 



Co.liislrr * 

H«'t«.To;4L'lii*^uia ' * 

riiii*iic>sclii*'iiKi ' • 



IletertiavJuHitm includes the following s]»ecies : Ifrtcrosch'istna (jntrile^ 
the type of the genus; Ifctcronrhismd nltcrnntinn, ami If, ((Ifcrimt urn, 
var. chniiaftim, Wachsnmtli,^ all from the lower part of the Ham- 
ilton group, Devonian. 



I Dr. Knapp. of Tinuisvilli*. Ky.. ha<l th«' kin«lii«'rJs to si*n«l up* for oxainiiiatinn aii<l 
study. Iiis hirt^«' i.*(.»ll<'ctii»n of li<»uis\ill<* ('uila'^t«*r^.<.'oiisNtiii>; of ucarlylo sp<M'iin''ii- in all 
stai:i'< <»f frrowth. ai»<l ••iiibrai'hi^ ai li-a-t rwf) w».'ll-mark«Ml sp«mmi's. l.yon. in dfSi'riliir.^ 
lii> ('fn/dstfi- a'frrniit'ts lOwoii'^ (m'oI. U.«p. Vi«l. 111., p, r.«:;i. nvi«l«Milly toi»k all l.oiii-\ iili: 
J*.la^li»iMs contaiiiin^r hvtlrosiiire ^lits to Im-Ioiik to only oiio sfn'oi^'Ji. aii«l tiii.^ inakr- ir 
liifTiciill to iWLMMtain now to wliicli of tliu two forms tli** fiann* ^'honll^ !■•• aj>pI:«Ml. His 
;;r!;«'ri<' li«ure. "ri IM. V.. I-'lj;. ;i. n'pv<'J*«*'»t>* uniloubt«.Milv th«* form wlii«*li ;ift«'r\\ar'lj* N\a«* 
jl'-^^'rilM"'! Iiy Sliiinianl a< I'lfinsttr iiuromiilotus i.Veati. Sfi.. St. Louis. Vol.1.. N<.. l'j. 
l.yonV liuun.' :» '» i,'iv«'.s a small .•^p«'<-imi'n of rlio ^amc >p«'«'i»\s; his litrur«' t* »/, In'Wi'Vi-r, i.-< 
n«»t only an ontirvly «lilT»'r»'nt *ipi'(M<'-. hut n Ifrtt'r>»si hi.^ifn. It mi;:lit api var tha! tin*. 
f«»rm r»'pr»'S<'nt«.'»l hy thv lirst Il^ruri* 'ilioult.l roi;«*iv»' l.von'»« nam**, luit thi'^ wouM ilo ii«)u.-- 
ti<r«" to Shumanl. tlu' mi»n.' »is Lyon's •lo-^'ription*' art* lllti-il for nriiln*r th** t-nr l'«»rni n«ir 
tliootlHT. It must In* fiirtht'r ••onsJih-nMl that th«' laltt-r fi»rm. wlilrh lik»» lltfrrnsrhixna 
ijrnciU; ha< small orals o\irrlapi»L*«l hy tho Ihuhs, jupI Iar;;«.' pyramids hi'lw«M.'i: the amhu- 
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IIkthkosiiiisma <iUA(-ii.K, Wadisiinitli, Nov. Sp. 



^vr 



. • 



7/"' 



\ 



1. 



//. •» /•fiSi'.iSii.fl ijrnri't; WAfHSMrril. 

FijJT. 1. f'i'I'' vio\v Mf a -pf.-ini"'!!. Fii:. 'J. Ii«>ri/«tiit;il s«»i'tiun if tli«' liy«lri»spirf.'>. Tin' 
llrst fljcur*' •■Jil.irtft'd tlufi- iliain'MiT?-. tin- ki'Aut llv»'. 

Body sul)flavate or irre«.'iilarly pyriform, i^oiiited at tho base, 
(li'eply oxifavateil in thu dirt'ctioii of tlu' rays. From the foot of the 
hasals to the radial sinus thi- fi»rin i-i olonijate-obconical, thi* sides 
at the outer surface hein^ straight or nearly so. The radials are 
arched, with an anguhirity ak)nfj the median line, which culminates 
in the lips, hut almost disappears on approaching the hasi-radial 
suture. Intermediate l)etween the ambulacra then- are live pyra- 
mids, fornud l>y the junction of the adjacent limbs of two contigu- 
ous radials, without thu assistance of oral xdates. Four of tliem 
are sharply pointed, projecting conspicuously al)0ve the level of the 
summit; the lifth, the one ctmtaining the anal orifice, is a little 
lower anil truncate. Ambulacra, ]>laced at the b(»ttom of a deep 
sinus; curving gently in an ui^ward directiim. The greatest width 
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of the body is across the lips, where the section is strictly pentagonal, 
while across the l>asals it is obscurely triangular. Average length 
and width, as taken from eleven specimens, as eight to live, actual 
Icn^^tli from three to six-tenths of an inch. The surface of the test 
is perfectly smooth, without ornamentation. 

Jiasals long, in form of an elongate cup ; column-like, extended at 
the lower end; upper face somewhat excavated for the reception of 
the radials, with an obtuse angle beneath their juncture. 

lladials moderately increasing in width to the sinus. The length 
of the radial body equal to or surpassing its greatest length, 
and etjual to the length of the basals. The limbs occcupy 
less than one-third the entire length of the plate, they are 
slightly bent inward, those of two ccmtiguous radials forming a tri- 
angle, of which the horizontal side (between the lips of the adjoining 
radials), is but little longer than the two lateral sides. At the anal 
interadius. the upper angle is truncated by the anal aperture, and 
the outer side of the pyramid is more sloping. Sinus short, and 
remarkably deep. 

The oral plates are STnall, and are only partly exposed to view, 
one half or more of each one being hidden beneath the radials. The 
exposed part, which consists of barely more than what might be 
called the lips of the mouth, is slightly projecting along the margin ; 
it is in form rhomboidal, but the angle toward the radials is cov- 
ered by the tips of the overlapping limbs. The concealed portions 
are at the four lateral intorradii placed beneath the large pyramids 
which have been described ; they are longer than wide, and their 
distal end is somewhat extended outward and downward. The me- 
dian portion of the plate is provided longitudinally with a canal, 
which from its position may have connected the hydropires with 
the outer vascular ring. The description of the oral plates is made 
principally from a specimen, in which the greatest part of the ra- 
dial limbs had weathered away, thereby exi)osing the parts below. 
As seen in this specimen, the lateral sides of the concealed oral 
plates give off the two inner hydrospires for each group, the Ih'st of 
which, at several places, is preserved to its full length; the second, 
however, is recognized only l)y a stump, and there is a notch for 
the intermediate slit. The oral plate of the anal interradius is con- 
structed near the mouth somewhat different from the orals of the 
four regular sides ; the parts which there are covered by the limbs, and 
form the oral ridges, take here a more inward direction, and com- 
pose the sides and inner floor of a little cavity, which forms the 
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ontrancT to tin* Jiiial aperture. Tin- opriuiitr into this cavity i.s larfre, 
sonuiwhat liroadly sulitrianjzular, and there is a passa*re in a down- 
ward coursr, wliioli enters tli«' iinier hodv at the end of the oral 
phito. 

The anil)ulaera are ahni»st linear, rnunded at the dihtal end : they 
rest deeply hetween the .stee]> sides, the side-phites meeting the 
Bides cif the sinus hut are raridy touehin*^ them. The aniliulacra 
e«»nnect with tlie hody throu«:;h the h»wer side of the lanrft-pieee, 
(dose to its middle line. Tlie surface of the amhulacra is divided 
hy the food ^rtjove only, there l»eint^ no other indented hnes toward 
the sides, such as seen in tlie LnuisviHe siu-eies. The lancet piece 
is entirely covered l»y the side pieces, it is lanceolate, and rests 
with its proximal end, which is anj^ular, hetween -and partly upon 
— adj'uninj:; oral ]dates. The nuniher of sitle pieces varies from 1(> 
to eaidi side in the smallest s])eciniens to ±2 or 28 in the larjzest 
ones, each one with a socket, prohahly for the rece])ti«»n of a pin- 
nule. There are also outer-side pieces l»ut no hy<lrospire pores. 
The oral ajun'turi- is pentagoiifil and comparatively large. 

Tiie hydrospires are arranj^ed in ei.irht «;roups, of from S to I* to 
each set, and there are as many slits along the slo])ing sides of the 
railial sinus. The two inner slits which are longer than any of the 
rest, are concealed from view hy the overhanghig sides of the Ian- 
cet-piece. The succeeding ones are visihle externally and decrease 
in length with the decreasing width of the sides of the sinus. Not 
all, however, decrease in that ])roportii)n, this is only the case with 
the four or live i»ut(fr ones, of which the outermost is hut little 
longer than wide; the prectnling three, from the foiu'th inward, are 
nearly of equal length. It should also he remarked that the slits 
have an irregular mitline even in the lust preserved specimens, and it 
a]>])ejirs as if there had heen i^ores in idace of the slits. Each 
slit (jpens into a sac. This, hnwever, is so narrow, that the walls 
alnio>t touch otwh other, except at the lowur end, where it attains 
filmt)st the width of the alternatiuL' folds of the hydn»siures. There 
is a great dilTennce in the depth of the sacs; the two inner ones 
extend into the hody for a com])aratively short distance, all suc- 
ceediug niies increase their depth in tlu* same ]»r»»])ortion as they 
gr«»w >horter upon the surface of the hody. 

luiniU'Ls: Iliti nf.-irJiistfHi nvtwUv is in its fnrm and general hahits al- 
most identical with PhwiKiarhlHrnn WnuHlU} Kth. and Carp, hut it 
has t'iglit groups uf liydros])ires antl not ten. It dilVers from l)oth 
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Jleteroachisima alternatnm and IL clonffatiim, Imt the summit of the 
pyramids extends considerably above the crests of the oral plates, 
while in the two others tlie summit scarcely reaches the level of 
the peristome; it also has narrower, almost linear ambulacrra, 
against slightly petaloid ones in the others, and these are divided 
by the food groove only, while tlie Louisville species have three in- 
dented linos along their surface. It further differs from //. alter- 
ndtum in having straight, and not convex sides along the calyx, 
and a conical, more sharply pointed basal cup. 

It is barely ])ossible that FoitrcmitvH auhfruncatus, Hall (Geol. Rep. 
Iowa, V(»l. I, rt. II, p. IS";), is identical with this species. A com- 
parison is impossible as Hall's description is so indistinct, that not 
even the genus can hv. id(;ntilied. He refers it to forms like 7Vw- 
trcmites Wu'lmnirdtiy and mentions **ovarian openings," which if 
present suggest a very different thing. Should, however, hereafter, 
tlie identity be proved, the name must be placed as a synonym under 
ILteroAch ittvui firadle, 

roHtiinn and InvnUty, etc. ; Found near the top of the Hamilton 
group, Alpena, Mich. 

(The type specimens are in the collections of Prof. Harris, and 
Charles Wachsmuth.) 



I)«'>«Tiptii»n <il"somi» now Hlasf-.i«isfri»in ll»«' IfaiiiiltonfJmiip. by W. If. Uauiiis. 
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Kla«a<.'rinu."< ShumanI, 1S«'h1. Trans. St. L. A«:a(l. S«.'l., p. .'«'«. 

Xucli*o«'rinus. Canadonsls? MontuunuTy, 1«81; Can. Nat. Vol. X. No. 2. 
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EL.r.Ai'uixrs or.ov.vTis, JJarris., Nov. Sp. 

, 7 J»oily ohovatr or elc)n^'ati*-l»alooii sliaped, 

more tlian oner and a half as loiij^ as wide: 

iippi-r half widiT than the lower, seniiovoid : 
«rreatest width at about t\\t)-thirds from the 
hase; lower half «:ra«lually increasintr in 
width to the distal end of the amhulaora ; 
" ; hast.' truncate with a deep concavity whieh i.s 

* ^ - 

filled hy the <*olunin. Cross section ])en- 
imi;^;.';in.:::r ?=;:;!:;•" .:;^ !''.- tan-ular, with straight or verysli^htlycon. 
;iiam't..rs!"'*'' ^'"''^'"^""^ '^'" vex sidrs. exc.-pt alonjr the hasals, where 
the sides are somewhat eonravr, and the secti»»n more stellate. 

Hasals deeply im^.'lded within the cdumnar cavity, the outer 
angles barely reachiuL: the marL'in. Piailials comparatively small; 
leiiirth twice tlnir width at the htisi-radial sutun*. jiraduallv inm-as- 
ing upward, ^o that the forks or limhs at their upper side are about 
equal in width to tlu* bo»ly of the plate at its l(»wer side. The lat- 
eral sides are somewhat thicki'Ued at the upjier face of the ed^'i*, 
more particularly toward the lower md of the plate, wlii-re they 
produce indistinct ridj^es at the sutun- lines. The upper side of the 
limbs is graei'fully curved in an upward dincticm, with re-enterin«j 
an«:les toward the lateral sutures, and deeper ones toward the radial 
shmses. From the bottom of tin- plate then* extends to the radial 
>inus (whi(di in this speeies is about half way to the top of the 
limb>K a eonsiucuous rounded ridge, ending in a vtry ]»rominent 
li]), and it is this structurr maiidy which produces the truncation 
toward the basal region, which otherwise would iictt be very perce])- 

tible. 

Oral or deltoid pieces large, measuring almost four-lifths the 
length of the body: broad lanceolate. The four regular orals have 
a length eijual ti> twice their greatest width. TIh' tifth, that of the 
po.-.terii»r side, which in this genus is divided throughout its full 
hngth by a large amil plate, occupies, including the latter piece, no 
greater width than the four regular orals, and the two halves are 
narrower at any ])lace than the interposed anal ])late. The latter 
is lanceolate, of nearly equal width throughout, slightly tapering at 
the upper end. Its lower side rests on the same surface with the 
other plate, but gradually rises abt)ve the general level and at the 
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toi» is highly elevated, staii(liij<( out cciiHpicuonsly over the luljoiii- 
hi<j: parts. Even in height it extends lieyond the limits of the other 
parts of the hody. 

Anal aperture large, oval in form, horizontal in position. Toward 
the outi^r side the openinp; is formed liy the wall of the anal plate, 
which at the uppt^r en<l is hulging outward without heing excavated. 
The lateral sides of the aperture are formed hy the upper curved 
ends of the oral side-plates, which are connected hy two or tliree 
small anal vault pieces, and these constitute the upper houndary of 
the aperture. 

Aml)ulacra long, narrow, linear, raised above the general level of 
the body, except close to the oral pole, near whicli they curve 
abruply toward the oral opening, and the ambulacrum becomes lo- 
cated l)elow the abutting surface. The lancet-piece is deeply grooved 
along the median line, and when the side-pieces (pore-pieces of 
lJ»)enier) are not in place, there is at the suture, along each side of 
the plate, a deep sulcus, penetrated by the hydrospire-pores. This 
sulcus, however, when the side-pieces are in situ is totally filled, 
and the sides of the ambulacrum rise abruptly above the abutting 
edges. The side-pieces rest against the upper face of the deeply 
crenulated ridges of the lancet-piece. They arc strongly wedge- 
shaped and placed ol)liquely to the ambulacral or food-groove, with 
the smaller angle directed to the ab-oral side. Their number is from 
about sixty to nearly ninety in very large specimens. The outer 
side-pieces (supplementary pore-pieces of lioemer) are comparatively 
large, their longer side being about two-thirds, their shorter sides 
fully one-half of the corresponding sides in the pore-pieces. 

The summit is a flat disc, somew-hat dei)ressed in the middle, 
sub-pentangular in outline, the angles resting against the slightly 
truncated upper part of the oral plates, leaving in the direction of 
each ambulacrum a good sized passage. The central aperture is 
])entangular, rather deeply depressed. 

Spiracles ten, one to each side of the ambulacrum, those of the 
posterior side not in contact with the anal aperture. They are in 
this species not easily detected, being placed laterally within the 
prjjjecting edges of the orals, which for their reception are at this 
place more prominent, and somewhat excavated. The hydrospires 
are arranged in ten groups, with two in each group; they are in 
form similjir to those of Gninatorr'unns NonroodK but comi)aratively 
a little larger. IIydrospire-x)ores small, and more or less hidden. 



non PAL/K()XT0L()(;Y of ILLINOIS. 

Colniini of medium size, imuikI, composed at the upper end of 
lii«rh joints. 

The ornamentation of the radials eonsi-Nts of indistinet c«»neentrie 
eurves suh-i)arallel with the arehed ui»per surface of tht; ]»hite. 
The ornamentation of tlie oral phites, as in most specie's of Elia- 
rriftii.^, is sharply divided hy two lon^'itudiiuil lines, the median part 
t which in ])(»sition and somewhat in form, at the four lateral sides 
of the hody. eorrespouils to the lar^re anal plate of the posterior 
side) is more or less dotitute of ornament. The two sides, how- 
ever, are crowded with rows of small j:ranules, arranj^ed so as to 
divide the tield into narrow parallel spaces, which are transversely 
arranged, and oi the width of the pore-pieces. 

Ohserratlous, — Kh^arrlnnH olntratuH ditTers from KhrtV'rtints [SurUo- 
rrinn.^) iifhfiihm<^ Lvon. in the izreater len<xth of the l»i»dv. and in 
havin*T straight and not concave sides. It resemldes, perhaps, 
closest FJuiirrinu.^ i.\ui'lrinrinn.^) Jurimi Hall, and may he identical 
with the lar^^er form noticeil in the same paper, and which Hall ccmsid- 
ered a variety or more adult phase of the ahove specie^. Hall de- 
scribes the latter as more expanded in the upi»er part of the body, 
with the hase ])ro)»ortionally narrower, and this a^jrees with our 
si>ecies; hut the l)ody is comparatively lonjxer than in Hall's smaller 
type; while it shouM, if representing the adult form of the other, 
(according to Wa<*hsmuth; see the ])recedin«; ])aper». on the con- 
trary he wider and not higher. In ElonrrlnHn lur'ina the I»asals are 
almost on a ]»lane with the radials, and the anibuliu-ra touch the 
bottom, which is not the ca>e in K, itlnratuA ; in the former the 
lower truncate i)ortions are much wider, and the basals instead of 
bein*^' deejdy concave, are provided with an elon.L'ate node in tin- 
center. 

The above descri)>tion was made from ten specimens of all sizes, 
the l:n'^'«'<t one measurinj^ one inch and three (|uarters in lenj^th, 
tlir smallest seven ei'^'hths of an inch. 

(nifln.f'intl pt).<ition, rfr,: Fouud in tlic sliales of the Hamilton 
j^ronp at lyiitlalo, hi lime>tone of the same aj:e at Iowa City, and 
jit the top of the Hamilton *,'roup in the Thunder r»ay rej^ion of 
North«rn Michi^^an. 

Tin- ori«^inal ^pecinlens nri" in the colK'ction of Mr. Charles Wachs- 
nnith and in mv own. 
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El:i:acrin'Us meloniformis, Barris, Nov. sp. 

Body small, ovoid, liei«;ht nearly one-half more than the width; 
greatest width through the median part, or a little above ; curvature 
toward the two poles nearly equal, but the pole itself at the abac- 
tinal side abruptly depressed, and the concavity perfectly filled by 
the column. Surface of the ambulacra raised but little above the 
general plane of the body. The plates along the sides of the am- 
bulacra are marked with obscure transverse grooves, bordered at 
each side by a sharp ridge, which forms along the median por- 
tions of the plate a deltoitl-like ligure. The ridges which join with 
one end at the summit, with the other at the radial lips, form to- 
gether around the body a s\Al marked penta-petaloid ligure in which 
the ambulacra are placed along the median line ; and as the ridges 
in this species happen to be more conspicuous than the marghis of 
the ambulacra, the ridges appear as the boundaries of the latter. 
Cross-section along the upper half of the body obscurely decagonal, 
almost circular, decidedly pentagonal across the lips of the radials. 

Basals small, entirely hidden within the columnar cavity. 

liadials small, body part longer than usual in this genus, their 
lower portions resting within the concavity, whence they bend 
al)ruptly in an opposite direction, forming a sharp edge at the end 
of the body. Length more than twice the width at the basi-radial 
suture, which is about equal to the width of a limb at its upper 
side. Sinus very short enclosing but httle more than the hp, which 
is strongly protruding, and from which a very prominent rounded 
ridge proceeds to the lower edge of the plate. The upper sides of 
the limbs are convex, with a re-entering angle above the lateral 
sutures. 

Oral plates large, occupying four-lifths of the length of the entire 
l)ody, divided by two raised lines into three parts, the inner or 
deltoid part provided with line granules, the outer part with trans- 
verse grooves, which are equal to the number of side plates in the 
ambulacra. The anal plate which divides the oral piece of the pos- 
terior interradius, differs in form but little from the deltoid-shaped 
portions of the other four interradial sides; it is however a little 
wider, and at the upper end protruding outward. The anal-aperture 
is large, rhomboidal, the opening in an upward direction. It is 
bordered towards the peristome by two summit plates which rest 
against the upper ends of the two sections of the oral plate. 
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.\?iiliul:ir-m linear, conipanitivcly slmrtiT nml ju'obalily \vi<ler than 
in any otlM-r .s|HM'irs <»f Khriirr'nni.s: lan<*(t-)>it(*c i\p(»>('cl \Nitliin thu 
fooil i.^r()oVf. \}\\\ (Mily at tin* upiM-r cnil of tin* jihitr, its lowvr half 
is \\irU'c\\\' vi\\vvi'i\ liy tin- ^i^lr-plates. Tlniv ari* 3(i to MS side 
pi<(rcs, (niitrr siili' ]»i<'ccs cannjit ho distin^^iiislnMl in the six-riniens) 
vvitli a ih'iji scM'Kf't. t»i (MK^h phit*-. Thr hyih'i).>piiv-]»ores arc only 
Ki'cn whi'ii the side phiti's an* hndirn away. 

Spirai'jrs ten, one* to each side (tf tin- ainhuhn-nim ; slit-shaped, 
jdaeed hke thost! <»f the ]>ree<Mlin^ speeies within tljo projectinj^ 
hiti'ral edj(i's of the orals: those of the anal side non-conlluent with 
the aicil ajH-rture. The hydntspires are unknuwn. 

Tile snnjniit (whiidi in hoth type s]K-einiens has heen preserved^ 
is eonipos«'<l of hut few eonij)aratively thick ])iefes wliieh are simi- 
larly arranj^ed as in Klfurr'nma nhnnituii, Coliunn round, central 
perforation viry small. 

(HK^rrr(iti()ns: This speeies has its closest atVmity with F.loncr'tfUis 
{Sni'l('tu-nHNs) i'h'inniti Conrad, from whiidi it dilTers in the more 
el(»njrate form, in the mode of ornament'.ition, in having almost 
slrait^ht in plaee of coneave ititerradial siiles, and in the less ])ro- 
trudin;,' and comparatively shortir amhulaera. The latter, in Con- 
r.iil's speeu'S, reaeh to the truie-ate portion of the body, while in 
A". m«7o////(in///x thev lueupv onlv tivc-si\ths of that length. It dif- 
fers from A'. I'tnunilli in heinj^ a nnieh smaller s]Kcies, and in the 
entirely tlilTerent ornamentation; from l\lt»i!i'rinuii iin'inl(irii< Lvon, 
A. luciiiii Hall and our /•.". nJ",r,itus as lackin«; that marked angular- 
ity i»f the hotly si» iiM)s]Mcuous in eaeh of thest- s])ecies. There is 
a .u'eneral resemhlance to the tiixure i^iven hv Mont«romerv of Such- 
ihrinns (\/;/./,/i7/.>/.s' hut no direct eoUiparisiui can he made as his 
paper deals in j^enerir rather than spe^itic descriptions. The only 
specii'h* eliaraeleristic elearly hroujrht t>ut, ''the prominently arched 
nnlial^" are totally inapplicahle to our >peciis. 

(if •♦'..//.•.// i» .s/;.'i)»/, ,/('.; hi the *-hale> of the llamiltvm Group. 
Ihiitalo. Iowa, and at tlie top of the same «:roup in the Thunder 
\\\\ re'iiou of Northern MiehiuMU. 
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rENTKKMITIOEA*, D'Orhigny. 

ma. It'Cirl'ltinr. Pmilromu Jii Pnl«»iit, p, Ha. 

ixa. t)'(lrbfi,'n>-. Coiirs EluniuiirnfiM, i>. VM. 

l)t^U. EllKTMiiaiiti'lCnri.,. Anu. nnJMiLe. N'ut. ilLsl.. |>. :i.-<>. 

Pentkemitidka Ain':RiCA>-A, Bania, Nov. Sp, 

Umly small pyriforui, htiglit twice the greatest width, which ig 
aci'(i^!i the rudial lipH. Ah-oinl side in form of a cone with shghtly 
convex: sides, triaufiular at tlio end, hut gradually aaaumiug n 
htningly niiirked pent;iloljute aapect, actinal side of the body equal 
in length to the ah-aetiniil Hide; curving gently in an upward direc- 
tion; hroiiiUy truncate and somewhat di'pressed at the oro-anal re- 
gions. 

Uasiils foLToing a triangular vaLe, with rounded angles, and of a 
heiglit greater than the width at the top, upper edges slightly con- 
cave. 

l^adials twi)-third>i the length of the body, a little more sloping 
than the hasals; width at hasi-radial suture equal to the width of 
the plates at the opposite side. The forks "occupy two-thirds the 
leiigth of the plateij, arc comparatively narrow, and end in a sharp 
point which constitutes the uppermost part of the entire body. The 
sides toward the sinus are elevated and formed into sharp edges 
whi<'h stand out at r^ht angles above the ambulacra. Radial lips 
prominent. 

The c»ral plates are not observed in a side view, they are extremely 
small, and are placed against the tips of two adjoining limbs, within 
the truncation of tho peristome, where they form a narrow rim 
around the spiracles. 

Ambulacra broadly linear, the lateral sides depressed, and forming 
a ijeep auli-iis; the inner portions almost on a level with the forked 
plates, except near tho mouth, where the whole ambulacrum lies 
deeper tiian the surroun<ling plates. 

Spiracles ovate, drawn out in a sharp angle, pointing to and sit- 
uate close to, the mouth. They are placed within the oral plates, 
taking np almost their whole surface, leaving exposed a very narro.w 

•Thi- Ri'iiiw Peutivii'ilidf a liitlma from Trooxtauriuun.ahumnra. Itn ncnrest nlliod 
forni. in huvlnK 'lultu Ini'iiDHrluuims iirnl iiliiti>H. alwHyn iiliiced within tliu truncntp upiier 
fill'" i>l tho linily, nmt only live n|ilrn<;li-*: wlik-lj are HirlcUy Imnrrndliil: while ia Trooila- 
rriuHx the ornlM an^ hIwiivh vIhUiIii In u sid.) virMr nl the t-i'frimcn. nnd thL-re are ten aJit- 
liliii Hiiiriii'IcH Klonic thi' liit>.TiLl ciIko of ibo iiiubuhicrn, nnd a »<i.'i>Aratu hiiaI openlnti. I 
lun liiilc)iti>il ti> Ur. Witi'h-iniuth fur (hi> rerriKnitlon of Iho ubovH flpeclen iw rnntrumltl- 
dcii. iiiid who I'laima tliut it Is the flnit one tlint hnK been discoverctl in AiuerietL. 



rim ; four i»f iImmh an- r.jijMl, !!:• |v.-trri«'r ••i;« i- larj^'rr, and con- 
tlih'iit witli tin- :inal a}M.rtin\-. Ily lr«i.-|»ips aiiil MUiiiiiit i»latirJ uu- 
kii(»\\ii. 

Tin- (irnaiii* iitati«»ii c-nn-i-!'- in uiw rt>i:('«ntrir liiu-s followiiij^' the 
L'l'in ral r.)nt«>ur nf tht- }ilat«s. 

Of tik' tw.) .-pvim »i- fiM!ii whii'h thi-^ spf'i- -i i.-^ <lrscriliOil, niic is 
iit'arlv pirfiM-t ami laiv* r than tlit- »»thi r. On t»in.- ^i^h• <»f tht* t-jnalltr 
oni* is li rni--h« ■! iua.--i (»f -K ii«l« r ariii>, 4'(»nip«»>t»l of ]»i« crs t)f ahoiit 
c'tpial width ainl hii;:lil. uiii'li p«»s-iMy may hi- >**\iU' «•[ the ]»iniiulr>. 

Pni'rrmifiliti Am> ri'-'ini rr-«'Mil»l«"^ vrrv clo-iilv l'» titn tnift .^ rlaratus, 
Schiilt/.i- I'lfiifi ifi.t'flf^i ri,ir,t*.i^ Kth. aiid (arji. ; ^•o cL'Srly. iinU-i-il, 
that it iiii.L'h: almost I"* tal:i n f'>r it; :li«' l:it!ir, h(»\NfV«r, has com- 
parativi-ly loii«^r ha<als, is iiiori- piiital-'hatf, has wi.U-r hiiihs, with 
(h*i*ith'«lly coiivix >ih's in phic*- o! aii::o>t .-'rai.L'lit <»ni-.-, and thi- am- 
hiihn-ra extind hiv«'nd thi triiural ^urfa^•l•. 

iiinhtf'ir.iJ p'isitj.ni, , tt'.: \u thi.' upp« i* ]»ortiiin I'! tin- Hamilton 
j^roiij) in till' Thundir Hay n'Lji«'n ol Niuliurn Michij.sin. The typts? 
aiT in niv own colkction. 
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Patru 11- L'«»th line from bottom, fm* '•^Yin«•lu»^»tt' r" roa«l "Manchester." 

Viiii*) 35— itli liiii? from ton. fur •*."*Hnii.-toiM'" n.!.nl ""lirm'^ittnit*." 

raj;n «♦; iiJth lin<^ from lM.tt«im. f..r "No. •-'" road "(".»al No. U." 

I'juri; 4i; -:M lim? frnm t«ip. for 'fusm-is" read "fi'SsiJs." 

J'ufTO 4!»— Ulst line from to|i. for "Joi-aliiy" r«*a«i "lo.'ality." 

TuKu 74— :Ui lino from top. for "t:unulat>i>-," rt-ail "hmulatu.s." 

Patfo TT— Sth lini.; from bottom, for *'subhromboiiiar' road "snbrhomboitlai." 

Patfo 8«^— l.'.th lino from bottom, for *'ant«'rior- Uitvrar' read *'anl«'ro-lati.Tal." 

Pair" 91— 15th liuu from top. for "oblii|nity iMinoate" roail "obli«iiiity and riineate." 

Pak'O I'W- loth lino frimi top. for "^itwatod a" road sitnatod." 

I'aKO IJn -nth lino from bottom, for "(•o«Miiliodns" road "Coohliodn.s." 

Pnca i;w— Nth lin«' from bottt^m. for "ant^ro-iatorn" road "antoro-IalOTal." 

Pa^o 107 -IJottom lint', for "porfmior" road "iiostorior." 

Pa>;o Uii Klh line from t<»p. frir "(.'onirai'tH'* road "contrasts." 

Pa»:o 1.S7 -Top lino, for "csi-ribod" n*ad '(h'sorlbod." 

Pa;;o lil«»- -'d line from top, and vutxi' -II, loth lino from top. ftir "orassidns" road "••nu'i- 

sidouia. 
PaKO L>HI— T<.p line, for "i.-o.sta'" road '.-.i.tal." 
Pa«e 2.'»1— I'Jth lino from bottom, for "tiMitivrh-s" r«*ad "tentadi's." 
l*a»;o25.'i--l:ith lino from bottom, for "snari>l\" roatl ".*<hari»ly." 
PaKO 2,VJ -Top line of diaj.rno.'^ii^. for ••Dorrnci" road Dormal." 
Pa^roi's'i— nth lino about from boitou. for "jinnal" road "anal." 
l»a«.' JiHi-Top lino, for "hlipintr" .oad "slopimr." 
ViUiii :!:«- In hoad lino "Porishodomu.**." for "Oens.s" read "Genu.s." 



PLATE I. 

PAOI. 

Flff. 1. PiKPBODUi OBLZQUUt.Bt J. and W 66 

1 a. Larse median tooth, rlffht ramus of lower jaw. Tlewed from above: l h, do., 
from loner margin; 1 e do., outer margin: 1 d do., antero- lateral border, 
showing orenulated ooronal fold; 1 e do., postero-lateral border, show- 
ing broad undulations. Kinderhook; Burlington. Iowa. Coll. Prof. 
Worthen. 

Fig. 2 a. b. 0, d, e. similar Tiews of a large median tooth, referred to the right ramus of 
upper jaw. Same formation, locality and collection. 

Fig. 8 a. b, o. d. 0. Same Tiews of tooth, left ramus of upper jaw. Same formation, 
locality and collection. 

Fig. 4 a, b. c, <i. Similar Tiews of an elongate, more convex tooth, identified with the 
preceding form. Kinderhook upper fish beds; Burlington, Iowa. Coll. 
Mr. Wachsmuth. 

Fig. a a,b,e, d. e. Similar Tiews of a very small, longitudinally abbreviated tooth, re- 
ferred to the same position upon the jaw as the last, with which it is pro- 
visionally identified. Same formation, locality and collection. 

Fig. 8. PsKPBODUs ? sTmnTBicns, St J. and W 71 

6 a. Mandibular tooth, right ramus, seen from above; 6 h do., outline from inner 
margin; 6 e do,, outer margih: 6 d do., profile outline from antero-lateral 
border, foreshortened. Kinderhook lower fish -bed: Burlington, Iowa. 
ColL Mr. Wachsmuth. 

Fig. 7 a. A very small, nearly entire tooth of the left ramus of lower jaw, pro- 
visionally identifled with the last, view from above, enlarged: 7 b do., 
inner margin; 7 c do., showing outer inroUed margin; 7 d do., profile from 
antero-lateral border. Kinderhook, upper fish-bed; Burlington, Iowa. 
Coll. Mr. Wachsmuth. 
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PLATE II. 

Paob. 

Fig. 1 P8KPH0DU8 LATUfi, 8t J. and W 72 

1 a. A small mandibular median tooth, seen from above, part of the coronal sur- 
face bordering the inner margin broken away; 1 b, do., transverse profile 
from inner margin; 1 c. do., from outer margin; 1 d, do., postero- lateral 
border; 1 e. do., antero- lateral border, showing longitudinal profile. 8t 
Louis limestone: Alton, Illinois; Mr. Van Home. 

Fig. 2, a. &. c. d, e. Similar views of a verr small example of the same form, left 
ramus, enlarged; 2/. do., inferior surface. Same formation, locality and 
collection. 

Fig. 3 a. A serial tooth, view from above: 3 b, do., outer margin transverse profile: 3 c. 
do., from the postero-lateral (?) border, longitudinal profile. St. L.; St. 
Louis, Missouri. O. St John. 

Fig. 4. PsKPHODUs LUHUi^TUS, St J. and W 74 

Fig. 4 a. Views of tooth from above: 4 b. do., from the lateral border: 4 c. do., inner 

margin; 4 d. do., from the outer margin. Chester limestone: Chester. 

111. Dr. George Hambach. 

PsBPRODUS Pi«ACENTA. St J. and W $9 

Fig. 6 a. A mature tooth referred to right ramus of mandible, from above: 5 l». do.. 

from inner margin: 5e. do., views from the anterior and the posterior 

border. Upper fish-bed. Kinderhook; Burlington. Iowa. Mr. Wachs- 

mutn. 
Fig. 6 a. c. c. d. Similar views of a smaller tooth, occupying the same position upon 

the jaw as the last Same horizon and locality. Prof. Wortbon. 
Fig. 7 a. b, c. d. Similar views of an elongate individual of left ramus of upper jaw. 

Same formation, locality and collection, 
fig. 8 a. b. c. d. The same views of a small, short median tooth, referred to the right 

ramus of upper jaw. the coronal region much worn in front (the original 

of Helodus placenta). Same horizon, locality and collection. 
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PLATE III. 

PAGE. 

Vaticiwodus V1TUBTU8, St. J. and W 82 

Fiff. 1 a. Maxillary posterior tooth left ramui*. seen from above, the mutilated 

anterior border and posterior extremity restored in outline; 1 h, do., 
inner marflfin; 1 c, do., from the outer inrolled martdn; 1 d. do., pro- 
file from posterior extremity. Kinderhook; DesMoines county. 
Iowa. O. 8t. John. 

Yatxcinodus discbkpans. St. J. and W S3 

Fiff. 2 a. Maxillary posterior tooth, left ramus, from above, outline restored: 2 b, 

do., transverse prollle from inner margin: 2 c, do., fore-shortened 
view from antero- lateral border. Bufflngton creek. Mr. Springer. 

Fiiir. 8 a, &, c. Similar views of the same form, right ramus. Augusta. O. St. John. 
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Plate 1\ ---Continued. 

Paob. 

16 a. MaQ<li>>ular posterior t4>oth. left ramuA. an imperfect example, seen from 

abdve: 16 ^. do., inner margin: Iti r. ilo.. profile from anterior border. 
Keokuk limestone; Hamilton. 111. Prof. Worthen* 

Fig. 17-W. Vaticiiiodus? aiMiLM. 8L J. andW §6 

17 a. A mature perfect posterior tooth of the right ramus of upper jaw. view from 

al»ovo: 17 b, do.. Inner margin; 17 e, do., outer inrolled margin; 17 tf. do.. 
foreshortened, from posterior cxtremitr. Chester limestone; EvansTiile, 
Illinois. Dr. Oeorge Hambaoh. 

18 a. An imperfect specimen nf the name fonn. from left ramaa. seen from aboro; 

18 b, do.. Inner margin. Chenter: Oheator, III Vr. Vaa Home. 
If a. Mandibular p^^terlor tooth, left ramne, seen from abo\'o. enlarged; 19 6. do.. 
inner mnrtrin; 19 c. do., antt^ro-luteral border. Cheater; Chester. IIL 
Prof. Worthen. 

Fig. 2U. Vatic'ISODVs? cabbkabius. St. J. and W as 

2i> a. Maxillary ro<(terlor tuoth. loft ramuB. seen from above, outline restored; 20 b, 
do., from inner margin. Lower Coal Measures; Carllnvllle. 111. ProL 
Wort he 11. 
Fig. 21. Vaticinodus? LKPift. Sl J. and W 88 

21 a. Maxillary poj*terior luuth, riKht ramus, view from above, outline restored; 

21 h. do., from inner mar^fin. transverse profile. Upper Coal Me&sures; 
LaSaUe. III. Prof. Worthen. 

Fig. 22-3C. VaticinodusV simplex. 8t. J. and W 84 

22 a. Maxillary posterior tooth, right ramus, an imperfect Hpecimen showing the 

posterior coronal contour, from ul>uve. enlarged; 22 b. do., inner margin; 

22 ('. do., outer margin. St. Louis llmefttonu; Pello. Iowa. 0. St. John. 

23 a. Same form, left ramus, showing an entire tooth, coronal surface much worn, 

seen from above; 23 h. do., iuner margin. St. Louis. Mo. O. St John. 
24' a. A similar examplo. showing basal rim extending beyond coronal limits. St. 
Louis Jimestoue; St. Louis. Mo. ProL Wurthcn. 

25 a. Mandibular posterior tuoth. left ramus, view from above, outer extremity 

restored in outline. St. LouU limestone; Pella. Iowa. O. St. John. 

26 a. A nearly entire example uf same form, right ramus, seen from above; 26 b, 

do., inner margin: 26 c. do. antero-la^eral border. Bt. Louis limestone; 
Pella. O. St. John. 
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PLATE V. 

fig. I. Dii.T[>PTrc3iu» VjtCxwMvrai. 8r. J. and W n 

1 a. Posterior (ootb ot the lett runua of tbo mMidlbU. Tiewe.l from above, bro- 
ken eitrem[tr reatorcd Id outliae: I I ilo., *e«ti from tbe an tero- lateral 
border: 1 c do.. shoirlnK Imier margin, Keokuk limestoD«. Waraair. tlL 
ColL Prol. Wocthen. 

Fls. 1 a. A ilmllar and nore perfect loolh ot the rlsbt ramna ot ibe maodlble, m«d 
from above: i '• do., Bntero-latera] border: I c da., poetero-lateral border. 
Same formation, loeallt]^ and collection. 

Fig. S a. Posterior tooth of the left ramna of the upper jair. from al>ove: 3 I: do., pro- 
file from the Inner margin . Bame tormatlon, localltr and collecll'^n. 

FU- * <■• XaxlUary posterior lootb. rlsht ramus, view trom above: i b do., outer In- 
rolled mareln. Same formation. localltT and i^ollectloo. 

fig. i a, HaxlllBry posterior tooth and median series ot teeth: S '' do.. rlKhl ramus. 
seen from nbove. oottlne restored. Keokuk limestone. Danville. Iovh. 
Uoll. Ht. Wachsmutli. 

Dw-TOPTTCHii-a paiKUH. Bt. J. and W K3 

Ftg. ■ a. Uandlbalnr posterior looth. left rainut^ seen from above, outline restored. 
Upper BurUDKtOD fl*b-bed: Louisa Co.. lown. Kr. Springer. 

FU. T a. tiaxlllu-y posterior toot b. rixbt ramus, viewed from above, outline restored. 
Same borlion and localltr. 0. Bt. John. 

FlK. B a. Maxlllarr posterior toolb. lett ramus, from above. Same formation and 
local It r. Mr. BprinKer 

DEI.TOPTTCHttrs EIPlKEtlB. St. J. BOd W 9S 

Fig. 9 a. An Imperfect posterior tuotb ot left ramus of mandible. shoirlnK coronal 
(Tont our. seen from above, outline restored. St. Louis limestone: Alton. 
111. Coll. Ur. Tan Home. 

Fig- Ki 1. Mandibular posterior tooth, rlsbi ramu.?, seen from above. Bi. Loul-i lime- 
stone: St. Loais. Mo. Coll. Prot. Worthen. 

Fig. n a. A large mandibular posterior tooih, Irosi above, the ooronal contour ob- 
scured by wear. BI. Loula limestone: Waterloo, III. Coll. Prof. 
Worthen. 

Fig. 12 a. Maxillary posterior tooth, right ramu-r, from above, outline^estored. St, 
Louie limestone; Alton. III. Coll. Mr. Van Home. 

Fig. 13 a. Blmllar tooih, lett ramue of upper jaw. vieiv from above. Same format'ou, 
locality and colloellon. 

Deltopttchiub viBsoviEfBis. Bt. J. and W 96 

Fig. U 1, Mandibular posterior tooth, loft ramus, view from iihovc, alale posterior 
border restored In outline; U '< do., onlarifcd; U c do., showlnit nntero- 
latcral border, enlarged: \ld do., seen from the outer Inrolled marKlu. 
Warsaw formation: above Alton. III. Mr. Van Home. 

FU. lia. Mailllary posterior tooth, right ramus, seen from atjove. Warsaw forma- 
tion: Warsaw. 111. 

tSLTOPTTCHlUS BITIDUS, Leidr Sp 99 

Fig. ISO. Mandibular po3toriortool^, left ruoiiifl. seen from ab'ive. outline restored; 
16 (i do., Qniero-lateral border; ISc do., foreshortened view from pos- 
tero-lateral border; lli d do., outer Inrolled extremity: H c do.. Inner 
margin. Chester limestone; Chester, III. Coll. Prof. Worthen. 
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PLATE VI. 

Page. 
Chitonodtts ubatub, 8t J. and W 119 

Fig. 1 a . Maxillary posterior tooth, right ramus, view from above of an imperfect ex- 
ample, posterior extremity restored in outline; 1 b, do., from the inner 
margin. St. Louis limestone: Alton, 111. 

Chitonodus AMTiQUUB, Bt J. and W 116 

Fig. 2a. Mandibular posterior tooth, left ramus, view from above, outline partially 
restored; 2 &. do., transverse profile from inner margin; 2 c. do., outer 
inroUed margin; 2d, do., from the antero- lateral border. Lower Bur- 
lington, Iowa. Prof. Worthen. 

Chitomodus Bpbinoebi, St. J. and W 112 

Fig. 3 a. Maxillary posterior tooth, left ramus, view from above of a worn example, 
outline partially restored; 3 b, do., from inner margin; 8 c, do., outer in- 
rolled margin: 3 d, do., from the anterior border, foreshortened. Upper 
Burlington; Augusta, Iowa. Mr. Wachsmuth. 

Fig. 4 a. Same form, right ramus, a worn specimen, seen from above: 4 b, do., inner 
margin: 4 c. do., outer inrolled margin: 4d, do., from anterior border, 
foreshortened. Upper Burlington; Louisa county, Iowa. Mr. Springer. 

Fig. 5 a. Mandibular posterior tooth, left ramus, view from above; 5 b, do., inner 
margin: 5 c. do., from antero- lateral border; a worn example, showing 
merely a trace of transverse imbrications. Upper Burlington; Augusta, 
Iowa. O. St. John. 

Fig. 6 a. A worn, medium-size example of the same form, seen from above; 6 b, do., 
inner margin; 6 o, do., outer inrolled margin; 6 d, do., from the anterior 
border. Upper Burlington: Augusta, Iowa. Mr. Springer. 

Fig. 7 a. Mandibular median tooth, left ramus, a worn specimen, seen from above, 
outer extremity restored in outline; 7 &, do., inner margin, transverse 
profile; 7 c. do., outer margin; 7 d, do., from antero-lateral border: 7 e, 
do., postero-lateral border. Upper Burlington: Louisa county. Iowa. 
Mr. Springer. 

Fig. 8 a, b, c, d, e. Similar views of a more prominently rigid, worn example of the 
same form, outline partially restored. Upper Burlington; Augusta. 
Iowa. 

Fig. 9 a. Maxillary posterior tooth, left ramus, a medium-size example, preserving 
the transverse imbrications over a portion of the anterior neck, seen 
from above, outline partially restored; 9 &, do., inner margin, trans- 
verse profile: 9o, do., from anterior border; 9d, from posterior ex- 
tremity. Upper Burlington; Louisa county. Iowa. O.St. John. 

Fig. 10 a. A large, robust example of the same form, from above, partially restored 

in outline: 10 &, do., inner margin: 10 c, do., outer inrolled margin; 10 d, 

do., from anterior border, foreshortened. Upper Burlington; Augusta, 
Iowa. 

Fig. 11 a. A similar example of the same form, seen from above, outline restored. 

Upper Burlington: Pleasant Orove, Iowa. Prof. WorUien. 
Fig. 12 a . Mandibular posterior tooth, right ramus, showing transverse Imbrications. 

view from above, outline restored. Upper Burlington; Louisa county. 

Iowa. 0. St. John. 




Plate VI — Continued. 

Fiff. IS a. A tmall example of the same form, left ramas. teen from abore (repre* 
aented too obliquely Inrolled); 11 ^. do., inner mardn. transTerae pro- 
file; IS c. do., uttter inrolled mardn: IS d, do.. fkt>m anterior border. 
Upper Burlincton; Pleaaant OroTe. Iowa, 

Fitf. Ua. Mandibular median tooth, left ramus, ahowinff imbrioatlona. aeen from 
abOTe. outline restored: 14 b, do., inner margin. transTerae profile; 14 c. 
do., outer margin; 14 d. do., from antero-lateral border; 14 e. do., poa- 
tero- lateral border and longftndiaal profile. Upper Burlincton: Bor- 
linirton. Iowa. O. 8t. John. 

Fig. Xua. A larger, worn example of the same form, from above, outline restored: 
16 h, c. do., views from the antero and post6ro-lat<*ral borders. Upper 
Burlington; Louisa countr. Iowa. Xr. Springer. 
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Plate Yll^Coutinued. 

! Page. 

i CiirroxoDus TEiBULM. 8t. J.aud \V 117 

' Fig. 1^ a. Maxillary pofiterior tooth, left ramum. a Urge and ucnrljr perfect example, 

j seen from above: 18 h do., from tne Inner margin: 18 c do., outer InroUed 

margin: In d do., from antero -iateral horder. furefthortened. Eeokuk: 

Keokuk. Iowa. Mr. Cox. 
Fig. 19 a. A small maxillarr posterior tooth, left ramus, from above. Keokuk lime- 
I , stone: Warsaw. 111. Prof. Worthen. 

j Fig. M a, Ama41um-size tooth of the same form, right ramus, from above, oufltne 

. , restored. Same formatloiu Bentontrort. Iowa. Mr. 8t John. 

' . Fig. 21 a. MAAdibiUar posterior tooth, left ramus, a small example, seen from above: 

I : %Lh do., from inner margin: 91 e do., outer fnrolled margin: SI d do., from 

j ' «ntero«iateral border. Keokuk; Keokuk. Iowa. Mr. Cox. 
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PLATE VIII. 

PAOB. 
XTSTBODUB XIIC02fDITU8, St. J. AJUl W 179 

Fig. I o. Maxillary posterior tooth, left ramus, view from above, outline restored; 1 
b» do^ profile from antero-lateral border; 1 c. do., transverse section. 
Keokuk limestone; Warsaw, Illinois. Professor Wortben. 

Xtstbodus miTATUB. St J. and W 188 

Fi«. S a. Maxillary posterior tooth, riirht ramus, from above; 3 b, do., longitudinal 
profile from antero-lateral border; S c, do., transverse section. St Louis 
formation; Monroe eounty, Illinois. Professor Worthen. 

Xtbtbodus BKLLULus, St J. and W ... 183 

Fig. 3 a. Maxillary posterior tooth, left ramus, from above, outline restored: 3 &, do., 
longftudlnal profile from the antero-lateral border: 8 o. do., transverse 
seotion. Goal No. 7, 111. Gen*I. See; Danville, IlUnols. Mr. Wm. Ourley. 

Xtstbodub SIMPLEX, St J. and W 178 

Fig. 4 a. Mandibular posterior tooth, left ramus, view from above; 4 5. do., antero- 
lateral border; 4 o. do., from postero>lateral border; 4 d, do., inner mar- 
gin; 4 0, do., outer inrolled margin. Upper Borllngton limestone fish- 
bed; Monmouth, Illinois. Mr. Springer. 
Fig. 5 a. Maxillary posterior tooth, right ramus, from above, outline restored; 5 5, 
do., from the antero-lateral border; 5 c, do., postero- lateral border; 5 d, 
do., transverse profile from inner margin; ( #. do., outer inrolled ex- 
tremity. Upper Burlington limestone, fish-bed; Louisa oounty* Iowa. 
Mr. Springer. 

Xtstbodub vaBus, St J. and W 181 

Fig. 6 a. Mandibular posterior teeth, left ramus, view from above; 6 h. do., antero- 
lateral border, longitudinal profile; 6 o. do., transverse profile from 
inner margin; Ohester limestone; Chester. Illinois. Professor Worthen. 
Fig. 7 a. Maxillary posterior tooth, left ramus, from above; 7 b, do., longitndinal pro- 
file from the antero-lateral border; 7 c, do., from the postero-lateral 
border; 7 d, do., transverse profile from the inner margin. Same forma- 
tion, locality and collection. 

PoEciLODUS St. Ludovici. St J. and W 132 

Fig. 8 a. Mandible, with the pair of posterior teeth occupying their natural position, 
resting upon the granular osseus support the right ramus showing the 
articular processes at the extremity. The anterior extremity of the jaw 
is mutilated, but it is evident whatever teeth it bore were extremely 
small: St Louis limestone: Alton, Illinois. Dfr. W. 0. Tan Home. 

Fig. 9 a. Mandibular posterior tooth, right ramus, view fkt>m above. Same forma- 
tion, locality and collection. 

Fig. 10 a. The same form, left ramus, view from above; 10 b, do., outer inrolled mar- 
gin; 10 0. do., from inner margin. Same formation, locality and col- 
lection. 

Fig. 11 a. Maxillary posterior tooth, right ramus, from above; 11 &. do., from the outer 
margin. St Louis formation; Pella, Iowa. Mr. St. John. 

Fig. Ua. Same form, left ramus, from above; 12 b, do., from inner margin; 12 c. do., 
from antero-lateral border, foreshortened: St Louis; Alton. Illinois.. 
Professor Worthen. 




PuLTB VIII — Continued 

PAOB. 

PacciuoDus VABsoTxsxan, 8t J. and W lil 

Flff.l3a. KazUImt posterior tooth, left immue. Men from nboTe anterior border 
restored In outline, enlanred one diameter: Warsaw; abore Alton. Illi- 
nois. Mr. Van Home. 
FIff . 14 a. A lanrer example of the same foia, Tlnii tnm above, anterior portion of 
orown motllated; 14 6. do., transverse profile from Inner marsln. Same 
formation, loeallty and eoUeetlon. 

PocniODus Owmsvui, fllXaiid W m 

Flg.Uo. KazUlarr posterior tooth, right mmnj. from above. ovUlne paffldly re- 
stored: U 6. do^ fktmi the Inner marctai: IS e. &o., ovter ImroUed mardn: 
Chester; Chester. Illinois. Mr. Tan Honie. 
He. 16a. Mandibular posterior toet^ left maaa^ vtew Irom abote; l< &. do.. Inner 
margin : M o, de« ontar ItiaHert maivii: M d, do^ preflUe Aromantaro- 
lateral border; CMMster; GheslSB. BUnols^ Proless4Nr Worlhen. 
Fig. 17 a. A small ezampla of the same foim, right ramuSb fvam above, ahowing the 
transverse oorrugatioas; Chester; Chester, UUnola, Professor Worthen. 

PmonxiDva Wowmbi^ Bc^ohn. m 

Fig. Ifia. MaiKilbnlar posterior tooth, left mmua. view frsm abovei ovUine partially 
restored; 18 b, do., traoavsrse profiAe from inner aarglm; lie, do., outer 
inroUed margin: 18 d, do., longitudinal profile antero- lateral border: 
Chester: Chester. Illi&oLB. 

PaioibaDUs 8naasni* ftt. J» Mid W ISB 

Fig. 19a^ Mandibular poefeefior tooth, left samua, Tiew from above, outline partially 
restored: 19 b, do., transverse profile fpoas Inner marglB: 19 c. do., outer 
inroUed margin: Lower Carbonifenens; Santa Fe. Kew MazioOi Messrs. 
Springer and fit. John. 

VOKtLODUn CAKBOMASros. 8t. J. Sttd W 199 

Fig. 30 a. Mandibular posterior tooth, right ramus, view from above, outline partiallr 

restored; 20 &, do., transverse profile from inner margin outline; 90 c. 

do., outer inroUed margin: 91 d. do., outline profile foom antero-lateral 

border: Upper Coal Measures: LafiaUe, UUaois. Professor Worthen. 
Fig.Sla. MazUiary posterior tooth, right ramus, asen from above, outline restored; 

81 b, do., profile from Inner margin: 91 e, da. outer inroUed margin. 

Same formation. looaUty and oolieetlon. Professor Worlhsn. 



PLATE VIII. 

PAOB. 

XTBTBODaa ZXC03IDITUB, St. J. and W 179 

Fiff. I a. Maxillary posterior tooth, left ramus, view from above, outline restored; I 
b. do,, profile from antero-lateral border: 1 c, do., transverse section. 
Keokuk limestone; Warsaw, Illinois. Professor Worthen. 

Xtstbodxtb nciTATUs, St. J. and W 181 

Fi((. 2 a. Maxillary posterior tooth, riffht ramus, from above; 2 &, do., longitudinal 
profile from antero-lateral border; 8 e, do., transverse section. St. Louis 
formation; Monroe eounty, Illinois. Professor Worthen. 

Xtstrodus BKLLxriiUs, St. J. and W 183 

Fig. 3 A. Maxillary posterior tooth, left ramns, from above, oofltne restored; 3 &. do., 
longitudinal profile from the antero-lateral border; 3 o. do., traneverse 
section. Goal No. 7. III. Gen'l. Sec; Danville, Illinois. Mr. Wm. Ourley. 

Xtstbodus SIMPLEX. St. J. and W 178 

Fig. 4 a. Mandibular posterior tooth, loft ramus, view from above; 4 &, do., antero- 
lateral border; 4 e, do., from postero-lateral border; 4 d, do., inner mar- 
gin; 4 e, do., outer inrolled margin. Upper Bnrlington limestone fish- 
bed; Monmouth, Illinois. Mr. Springer. 
Fig. 5 a. Maxillary posterior tooth, right ramus, from above, outline restored; 5 &, 
do., from the antero-lateral border; 5 c, do., postero-lateral border; 5 d, 
do., transverse profile from inner margin; 6 e, do., outer Inrolled ex- 
tremity. Upper Burlington limestone, fish-bed; Louisa county, Iowa. 
Bfr. Springer. 

XYBTBODU0 TBBus, St. J. and W 181 

Fig. 6 a. Mandibular posterior teeth, left ramus, view from above; 6 b, do., antero- 
lateral border, longitudinal profile; 6 o, do., transverBa profile from 
Inner margin; Chester limestone; Chester. Iltlnols. Professor Worthen. 
Fig. 7 a. Maxillary posterior tooth, left ramus, from above; 7 5, do., longitudinal pro- 
file from the antero-lateral border; 7 c, do., from the postero-lateral 
border; 7 d. do., transverse profile from the inner margin. Same forma- 
tion, locality and collection. 

P(EciL0DU8 St. Lui>ovigx, St. J. and W 132 

Fig. 8 a. Mandible, with the pair of posterior teeth occupying their natural position, 
resting upon the granular osseus support, the right ramus showing the 
articular processes at the extremity. The anterior extremity of the jaw 
is mutilated, but it is evident whatever teeth it bore were extremely 
small: St. Louis limestone; Alton, Illinois. Mr. W. C. Tan Home. 

Fig. 9 a. Mandibular posterior tooth, right ramus, view from above. Same forma- 
tion, locality and collection. 

Fig. 10 a. The same form, left ramus, view from above; 10 b, do., outer inrolled mar- 
gin; 10 c, do., from inner margin. Same formation, locality and col- 
lection. 

Fig. 11 a. Maxillary posterior tooth, right ramus, from above; 11 &. do., from the outer 
margin. St. Louis formation; Pella, Iowa. Mr. St. John. 

Fig. IS a. Same form, left ramus, from above; 12 &, do., from inner margin; 12 c, do., 
from antero-lateral border, foreshortened: St Louis; Alton. Illinois. 
Professor Worthen. 




PuLTB \m— Continued 

VAOB. 

PcBoii«oDus VABsonsMsn, St. J. and W lai 

Flff.l3a. MaxlllTf poalaiior tooth, loft nunoA. moo from obore Anterior twrdor 

reotored In ootUno. onlnrvod ono dlnmofetr: Wnronw: nbovo AHon. Zlll- 

noU. Mr. Van Home. 
Pl«. 14 a. A Inrvor example of the eaow form, irlew fkpm above, anterior pottloA of 

orown mntllated: 14 5, do.. transTerae profile from Inner marsln. Bnme 

formation, loeallty and eolleetlon. 

PiMoadmuM O mim— ■«. Bt J. andW HI 

Pl«.tta. Kazlllnry poeterlor tooth. rUtht raMue. from above, ovtiine parlinllr re- 

etored; IS b, do., from the inner mavslB: U e. do., outer inielled mavslB: 

Cheeler; Cheeter. Illinoia. Mr. Tan Home. 
VlK. 16a, Mandlbolar poeterior tooth* left amna. vimw from above: M 6. do., innir 

margin; M e, do., enter iaioUed maisin; M d, do^ pcoflle IriMa nnteio- 

lateral border; Oheater: QhMtor. Illinoia. Piofeeeor Wodhen. 
Fi«. 17 a. A small egampie of the eamefom. rifht ramiia. Imm abovob ahowins the 

transvereeoorraffationa:G|ieater; Cheeter. Illinoia. Profeeaor Worthen. 

PoKaiiODua Wonaupn, St. John m 

Flc 18a. Mandibular poaterior tooth, left immua. view from above, outline partially 
restored; 18 b, dc tranavevM proAle from inner narsin: 18 c. do., enter 
iDroUed margin: 18 <f, do., longitudinal profile antero-lateral border; 
Chester; Chester. lUinois. 

PoooiODUB BpnnioBM, Br. J. and W U8 

Fiff. 19 a. Mandibular poaterior tooth, left ramus, view troga above, outline partially 
restored: 19 b, do., tranaverne proilo from inner margig; 19 o. do., outer 
InroUed maogin: Lower Carboniferous; Banta Pe. Mew Mezieo. Meana. 
Springer and St. John. 

P<Bciu>Dua OAnnoMABius. Bt. J. and W IM 

Fig. 90 a. Mandibular posterior tooth, right ramus, view firom above, outltne partially 
restored; 90 &, do.. traDsversc profile from inner margin outline; H c, 
do., outer inrolled margin: W d. do., outline profile from antero-lateral 
border; Upper Coal Measures; LaBaUe, UUnoto. Profeeaor WocChen. 
Fig. 81 0. Maxillary posterior tooth, right ramus, eeen from above, outline restored; 
91 6. do., profile from inner margin; 81 c, do., outer Inrolled margin. 
Same formation, locality and eoUeetion. Profeeaor Worthen. 
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PLATE IX. 

Pads. 

DKLTODC* PlBTfl. 81. J. Ulll W Ul 

Fts. 1 a. MaodlbulBr poal«rior loolb. I#tl ramur. tmm abovp. eDlarsed : I '>, do.. pro- 
Die trom antero-lueral bori]«r: 1 r. do., from pod ero- lateral border. SL 
LouU: Pella. Iowa. Hr. St. Jobn. 

7Ik. >a. Same lom. Hcbt ramus, enlarged. Same tonnat>i>D,1oealftr and eolle«Uoti. 

FlK.le. Onillneot a maodlbQlar median tooib, left tamn*, trom above. eolaixed. Be 
Louli: 8LLoDl>,)Io. Mr. St. John. 

FIs. 4 0. HailUarT pcaiarlor tooth, rUbt ramae, Irom above, enlarced; < I. do., traae- 
vene proflle rrom Inner Kanin; < r. do., lonfltudlni] profile Iron ante- 
ro-lateral bordrr. eitremltr reetorvd Id outline. St. Loul». Fella. Iowa, 
■r. Van Home. 

Titl-i'- b- c. Similar vlpwi ot tba sama form, lett ramua. ihowlna a perfect eiample. 
Same tormatlOD and localltr. Kr. St. John. 
Dbltooui cnfCTL'i,L-i. St. J. and W 14t 

Fig. fia. ■aniUbular pDelerlor tooth. left rnmuR. view from above. eitremllT realoreil 
in outline: i b. do., from Inner mandn, transrerae proflle; i> e. do., ante- 
ro-lateral border. lonsltudlDa] proflle. Wan>aw beds; Hadlaon countr. 
III. Prot TFurtben. 
Flu. 7 a. b. c. Similar views of a mailllan posterior tooth, lett ramus. Barrett'* Sta- 
tion. Mo. Prol. Wortbeo. 
D>i.TODua TRILOBUB. St. J. and TF IW 

Fix. 8 a. Mandibular median tooth, left ramus, view from above; s I,., do,, from Inner 
manrlni S c. do., from outer marsln. extremltr broken mray : 3 d. do., 
lODffiCudlnal profile from an tero- lateral l>orderi S r. do., from pORlero- 
lateral border; if. transveree S''cliOD. soowinc prominent definition ot 
the anterior and posterior Inbes. Warsaw limestone: Jcr»er ^onnlr. 
III. Prol. Wonhen, 
IlEI.TODDaOCCII»!<TUJS<LeidT. sp.l 150 

FlK.Vo. Maxillary poaierior tootb. left ramus, from above. St. Loui« timeetonei 
Monroe eountv. 111. Prof. Wonhen. 

FlK.lOo, Mandibular median'tooth. right ramus. Iromabove, outerextremltr broken 
away; in 'i. do., from anlero- lateral border; lA <: do., posiero- lateral 
border; 18 d.do.. transverse sectloa. Warnaw bods; Warsaw. 111. I'rof. 
Worthen. 
Deltopui LiTioB. 81. J. and W IIS 

Fls, II a. Uedlum-sizu tooth of the mandibular posterior furm. riRht ramus, from 
above. Keokuk: Hamilton, 111, Prof, Worthen, 

Fla. 13 1. A smaller Individual of (be pame form: same toi^nllty- 

Fiff. Ul. b. c, Dii-TODOBCixooLiTus. S,and W 

(Geol. Sur,-. of 111., Vol. II, p. W. PI. IX. Rg. K< 
VS a. Uaiillarr posterior tooth, left ramus, from above: l-l ''. fr<>m ante- 
ro-liiteral bonier: l.tr. outline from Inner mamlD. tranHVfrse profile. 
Chester lln.ostona; Cbesier. III. Prof. Worthon. 
Dbltcdl-hintismedivs. B(, J. and W 1S3 

FIB. 1» fl. Maxillary posterior loot h, tetl rnnius, from above; H h. d'),, tran-ivere proflle 
from Inner maritin: II <'. <!'>., from outer margin: II d, do., from nntero- 
lateral border. lonaltudlnal profile; U'.do.,frompo«^ro-lBierHi border; 
14 /. do,, BhowlnK inferior aurface. 8L LouU lormallon: Pclla, loiva. 
Mr. St, Jobn. 

Fig. IS B. b. c 'I, Similar views of n email example of the sama f'Tin, right ramus, 
showing a marked uniliilsied <:oronal surfaep, St. Louie: Columbia. 
Uonroe county, III. Pr..f, Worthen, 
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PLATE X. 

Paob. 

Deltodus PowBLLn. 8t J. and W 1S4 

Fig. I a. Mandibular posterior tooth, left ramus, view from above; I h, do., trans* 
verse profile, outline from inner margin; Ic, do., from outer margin, 
outline; 1 d, do., outline from antero-lateral border: 1 e, do., from pos- 
tero-lateral border; I /. showing character of punotatlon of coronal 
surface, enlarged. Carboniferous limestone: Utah. National Museum. 
Fig. 2 a. &. c, d. Deltodun Mercurii, Newb. Lower Carb.; Santa Fe. New Mexico. 
O. St. John. 

Deltodus pbopinquus, SL J. and W 156 

Fig. 3 a. Mandibular posterior tooth, right ramus, view from above; 3 b, do., trans- 
verse profile from inner margin: 3 c, do., from outer margin; Sd, do., 
longitudinal profile from antero-lateral border; S e, do., postero- lateral 
border. Coal No. 6. Carllnvllle, 111. 
Fig. 4 a, h, c, d, e. Similar views of a maxillary posterior tooth, right ramus. Coal 
No. 5. Carllnvllle. 111.. Mr. Alex. Butters. 
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Plate XI — Continued. 

DBLTODOPUS SXOBSIATU8. ? St. J. AOd W 168 

Fiff. 14 a. Mandibular posterior tooth, riffht ramus, view from above, oatline of alate 
posterior border restored; 14 &. do., longitudinal profile from the antero- 
lateral border. Warsaw: above Alton. Mr. Van Home. 

Fiff. 15. DxLTOi>OPSis ? BXiXVEATUs. 8t J. and W 169 

Fis. 15 a. Mandibular median tootlL Mft ointia. vidwfrom above; 15 b, do., transverse 
profile from inner margin: 15 c, do., from the outer extremity: 15 d, do., 
inferior surface; 15 «. da. anterorlat^al .border; U/, do., postero- 
lateral border, tr^ Btttllngton; LouUa oooAtl* Xowa^ Mr* &U JoJlH^ 

Fig. 1& D. ?£gQftUJi,8Ui^,M4.W..^..« u.^^~ 169 

Fig. 16 a. b. e. d, e, /. Man<UbEi«ir ;in«di^ tpoUu Ml rawHi mmat vtews as above. 

Keokuk limestone. 
Fig. 17. M, ? oonMurui. .17 ^» .MftoAIM^ff 4P94toft'tootkb Mtframoa. fraift abote: 

17 h, do., icop 4ifni^ jMuiiyiiis 17 «*.do...aiitftn>Tlatital iMuotar. basal rim 

.restoMd lA outUna. . U. Burilng^iki Lo«tMitoiMtx. lofM,iMir. Springer. 

Fig. 18. D,? .eimMKUim IfB «« MaoiUbalar l adiiui tooth, figkt ramtia seen from 

above: 18 &. do., transverse profile from inner mMStti: I6c« do., outer 

eztremitir; 18 <f» do., interior ^wptaw; 18 «. /. ^nton^ aad poateffo^JatanV 

borders. U. B.: Louisa county, lows. O. 8t J. 



(Lower Carbi rorHxiODirrs, 




"ItuK.WutliBi.del. 



PLATE XII. 

Paob. 

SaNOALODUB C0XPLAXATC8. (N AOd. W bp.) VU 

Fiff. 1 a. Mandibular posterior tooth, left ramus, outer extremitr and posterior bor- 
der restored in outline: I h do., antero-lateral border; 1 c do., inner mar- 
gin and transverse profile. Upper Burlington; Barllngton. Iowa. Mr. 
Wacbsmuth. 

Fig. 2 a. Maxillury posterior tootb. rlffbt ramus, from above, partially restored In 
outline: 2 h do., loniritudlnal profile from antero-lateral border. Upper 
BurliDffton: Pleasant Grove, Iowa. Prof. Worthen. 

Fig. 8 a. Mandibular median tootb. left ramus, a large example from above: 8 b do.. 
postero -lateral border and longitudinal profile: 3 r do., antero-lateral 
border: 3 d do., inner-margin and transverse profile: 8 e do., outer ex- 
tremity, mutilated: 3/ do., showing the concave inferior surface. Upper 
Burlington: LoulRn Co.. Iowa. Mr. Springer. 

Fig. 4 a. A small example of the same form, seen from above: Ah do., longitudinal 
profile from postoro- lateral border. Same formation, locality and collec- 
tion. 

Saxdalodus, spy 187 

Fig. 5 a. Manilll»ular posterior tooth, left ramu?, from above, partially restored in 
outline: 5 b do., longitudinal profile from autero-lateral border: be do.. 
troDi the postero-lateral border. Warsaw limestone: Warsaw. III. Prof. 
Worth«?n. 
Fig. a. Maxillary posterior tooth, left ramus, seen from above, outline partially re- 
stored: ^h do., longitudinal profile from antero-lateral border: 6 c do.. 
from outer extremity. Warsaw limestone: Piasa creek, above Alton. 
Mr. Van Home. 

Sandalodl^s 8PATULATU?. 'N and. W. sp.' 188 

Fig. 7 a. Mandibular median tooth, loft ramus. vi*»w from above, outer extremity 
mutilated from wear: 7 ?> do., longitudinal profile from postero-lateral 
border: 7 c do., antero-lateral border: 7 d do., transverse profile from 
inner margin: 7e do., outer margin: 7/d«'.. inferior surface. Bt Louis 
limestone: Alton, III. Mr. Van Home. 

Sandalodus LJEVissiMus. (N. and W.' 186 

Fig. b a. Mandibular median tooth, right ramus, view from above of a very large ex- 
ample, the great er part of the coronal surface excessively worn from 
use: 8 h do., postero-lateral border; 8 c do., antero-lateral border: 8d 
do., inner margin: Se do., outer iurolled margin: H/do.. inferior aspect, 
showing inrolled outer extremity. Keokuk limestone: Keokuk. Iowa. 
Mr. Cox. 
F|g. y a. A small specimen of the same form, left ramus, seen from above: 'J o do., 
inner margin and transverse profile: 9 c do., outer margin: 9d do., an- 
tero-lateral border: 9 e do., po.atoro-lateral border and longitudinal pro- 
file: 0/ do., inferior surface. Keokuk limestone: Keokuk, Iowa. Mr. 
Van Home. 
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PLATE XIII. 

Paos. 

OBTBOPLIUBODV* 3COTO MKXXCA3IV8. St J. ^ W 195 

Flff* 1 «• Maxillary po«terior tooth, left ramup. view from above. outUne partiallF 
restored: 1 h. do., profile from the Mraiffht border. Lower Carbonif- 
erous; Santa Fe. New Mexico. Meetn. Springer and St. John. 

Fiff. 2 a. b, bimilar views of the same form of right ramus. Same formation, locality 
and collection. 

Fig. 3 o. Mandibalar posterior tooth, left ramus, seen from above, outline restored: 

3 b, do., inner margin, transverse profile; 3 c, do., longitudinal profile 
from the antero- lateral border. Same formation, locality and collection. 

Orthoplxubodus cosvexus. St. J. and W 1« 

Fig. 4 a. Mandibular posterior tooth, right ramus, %iew from above, outline restored: 

4 h. do.. loDgltudiual profile from antero-lateral border; 4 c. do., trans- 
verse profile from inner margin, btrata above the Mahoning Sandstone 
Coal-Measurea: Morgantown. West Virginia. Prof. Worthen. 

Fig. 5 a. Maxillary posterior tooth, left ramus, view from above, restored in outline; 

5 b. do., profile from the straight border. Samo formation. locality and 
collection. 

Obtbopleubodus cabbomabius. iN.and W. sp.) 192 

Fig. 6 a. Maxillary posterior tooth, left ramus, a small, well-preserved example, seen 

from above. outUne partially restored. 
Fig. 7 a. Mandibular posterior tooth, left ramus, a similarly preserved specimen. 

from above. 
Fig. 8 a. Mandibular median tooth, left ramus, view from above, outline partially 
restored. Lower Coal-Measures, roof of Coal No. 5; Bloomington. Ills. 
Mr. L. A. Fuller. 
NoTX: The three above specimens were associated on a bit of carbonaceous shale in 
such a manner as to leave scarcely a doubt that they pertained to one and the 
same individual. St. John. 

Tesiodus paciatus. (W. and W. 8p.» 7G 

Fig. 9 a. Maxillary posterior tooth, right ramus, view from above, restored in out 
line; 9 '>. do., transverse profile from inner margin: 9 c. do., outer in- 
rolled margin: d. do., from tne antero-lateral border; 9^, do., postero- 
lateral border. Provisionally identified with the above species. Warsaw 
limestone; above Alton. 111. Mr. Van Home. 

Teniodus oBLiQuus.St. J. and W 78 

Fig. 10 a. Maxillary posterior tooth, right ramus from above, outline restored; lo b. 
do., transverse profile from Inner margin; 10 c, do., longitudinal profile 
from antero- lateral border: 1<» '/. do., postero-lateral border. Chester 
limestone: Chester. Ills. Dr. Hnmbach. 

Teniodus regularis. St. T. and W 77 

Fig. 11 a. Maxillary posterior tooth, left ramus, view from above, outline restored: 
11 b, do., profile from inner margin: 11 c, do., outer inroUed margin; 11 il, 
do., from the antero-lateral border: 11 e, do., postero-lateral border; 11 
/, do., inferior surface. Warsaw limestone: vicinity of Bedford, Indiana. 
0. St. John. 
Fig. 12 a. Maxill.iry (?i posterior tooth, left ramus, seen from above, enlarged: 12 //. 
do., longitudinal profile from antero-lateral border: 12 c, do., postero- 
lateral border: 12 <l, do., transverse profile from Inner margin; 12 e, do., 
outer Inrolled extremity: 12 /. do., inferior surface. Upper Burlington 
limestone. IlHh-bed: Pleasant Grove, Iowa. 
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PLATE XIV. 

Pace. 

PSAMMODUS TUIODUS. St. J. AOd W 206 

Fiff. 1 a. Maxillftry tooth. liffht side, view from abore. outline partiAlly restored: I 6. 
do., posterior marffin; 1 c, do., inner artionlar border; 1 d, do., from the 
interior border. Upper Burlington; Bafflngton creek. Mr. St. John. 

Fiff. 2 a. Similar views of a smaller example of the same form, left side, partially re- 
stored outline. Same locality and collection. 

Fiff. 3 a. A larger, irregular example of the same form, right side, seen from above, 
outline restored, crown surface worn smooth; 8 b. do., inner articular 
border; 3 c, do., anterior margin. Same formation and locality. Mr. 
Springer. 

Fig. I a. A broader tooth, referred to the mandible, right side, view from above, 
showing rugose belt along the posterior margin; 4 b, do., from the pos- 
terior margin: 4 c, do., inner articular border. Same formation, locality 
and collection. 

PsAiocoDUS OLTPTUS. St J. and W 209 

Fig. 5 a. Mandibular tooth, right side, fragment seen from above, showing rugose 
coronal surface; 5 &. do., from the anterior margin; 5 c. from the articu- 
lar or inner margin. Upper Burlington limestone, main flsh-bed; Cedar 
creek, Illinois. BCr. Springer. 
Fig. 6 a. Maxillary tooth, right (?) side, from above, the dotted line may possibly 
represent the proper restoration of the tooth: 6 h, do., posterior (?) mar- 
gin; 6 c. do., profile section, showing the slight longitudinal convexity of 
the coronal surface. Upper Burlington limestone ; Quincy. Illinois. Prof. 
Worthen. 

PsAiacoDus LoviAVUs. St J. and W 207 

Fig. 7 a. Maxillary tooth, view from above; 7 b. do., from posterior margin; 7 o, do., 
anterior margin; 7 d, do., from the inner articular border; 7 e, do., ex- 
terior border. Upper Burlington: Burlington. Iowa. Mr. Wachsmuth. 
Fig. 8 a. A small, narrow example of the same form, view from above, outline par- 
tially restored: 8 &, do., from the posterior margin: 8 c. do., profile sec- 
tion. Upper Burlington: Quincy. Illinois. Prof. Worthen. 
Fiff. 9 a. Mandibular tooth, right side, view from above, partially restored in out- 
line; 9 //, do., transverse profile from posterior margin; 9 c. anterior mar- 
gin ; 9 </. do., articular border: 9 e. do., from the exterior border. Lowur 
Buriington: Burlington. Iowa. BCr. St. John- 
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PLATE XV. 

Taob. 
PSA.MMODUS OBAXDis. 8t. J. and W 811 

Fig. 1 a. Mandibular tooth, from above, showing a fragment of a very large example, 
the trituating surface but silghtlF worn, restored in outliLe: 1 h, do., 
from the posterior margin: 1 c. do., anterior margin; 1 d, do., profile sec- 
tion. Keokuk: Keokuk, Iowa. Prof. Worthen. 

Fig. 2 a. Maxillary tooth, view from above, outline re^ttored, coronal surface worn 
during use: 2 ^. do., from the posterior margin; 2 o. do., profile section. 
Keokuk: Keokuk. Iowa. Mr. Cox. 

Fig. 3 a. A small worn example of the same form, view from above, outline partially 
restored: Sh. do., from the posterior margin; 3 c. do.' from the Inner ar- 
ticular border. Keokuk: Bentonsport. Iowa. BCr. Springer. 

PBA.MMODU8 TUBOiDus. St. J. and W 206 

Fig. A o. Maxillary tooth, view from above, outline partially restored: 4 6. do., from 
the posterior margin: i c. do.. aiiteri<.>r margin; 4 d. do., inner articular 
border: 4 e. do., from the exterior border. U. B. limestone flsh-bed; Des 
Moines county. Iowa. 



PLATE XVI. 

Paos. 
Fiar.1-4 PsiMMODus PLXXVH. 8t J. and W 213 

1 a. Mandibular tooth, view from above: 1 h, do., from the articular border: 1 c, 

do., exterior border: 1 d, do., posterior marffiu: 1 e, do., anterior margin; 
f, do., inferior surface. St. Louis limestone: Alton, Ills. Mr. Van Home. 

2 a. A similar example of the same form, from above, outline pattlallf restored; 

2 6. do., inferior surface; 2 c. do., showing the channeled exterior border. 
8t Louis limestone; Monroe county. Ills. Prof. Worthen. 

S a. b. A nearly perfect specimen of the same form, view from abOTe and the ar- 
ticular border, showing a faint marginal sulcation round the articular, 
posterior and anterior margins of the crown. St Louis limestone; Alton. 
Ills. Mr. Tan Home. 

4 a. View from above of a fragment of a very large maxillary tooth, partially 
restored in outline: 4 b, do., from the posterior margin: 4 c. do., articular 
inner border. St. Louis limestone: Alton. Mr. Alex. Butters. 
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PLATE XVII. 

Paoi. 
PsucHODUB PLBHUB, St J. and W 313 

Fig. 1 a. View from above of a small maxillary tooth; 1 b, do., posterior margiu; I c, 
do., anterior margin, 1 d, do., inner articular border; 1 e. do., exterior bor- 
der; 1 /. do., inferior surf ace. St Louis limestone; Alton. Mr. Van Home. 

Fiff. 2 a. 6. c. d. 6./. Similar views of a medium-size example of the same form, out- 
line partially restored. Alton; Mr. Tan Home. 

Fig. 3 a. A larger specimen of the same form, view from above, showing more pro- 
duced basal rim along the exterior border; 3 b. do., from posterior margin; 
3 e. do., articular border; 3 d, do., exterior border. St Louis limestone; Al- 
ton. Mr. Van Home. 

Fig. 4 a. A very wide mandibular tooth, from above; A b. do., from the posterior mar- 
gin; 4 c. do., anterior margin; 4 d. do., longitudinal profile from the exterior 
border; 4 e. do., articular border. St Louis limestone; St Louis. Mr. St. 
John. 
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PLATE XVIII, 

Paok. 

Pbammodus CMLJLTvn, St J. aod W S17 

Wig. 1 a. Maxillary tootb, riew of triturating surface, inner articular border restored 
in outline; 1 h. do., exterior border; 1 c, do., posterior margin; 1 dL do., out- 
line from anterior manrin; 1 e, do., loniritudinal profile section. 8t Louis; 
Pelln. Iowa. Mr. Van Home. 

PTIMMODUS CRASSIDKNS. St J. and W 218 

Wig. 8 a. A small tootb, showing the coronal surface worn smooth. Tiew from above: 
2 h. do., inner articular border; 2 c. do., exterior border; 2 tL do., posterior 
marsin; 2 e. do., anterior manrin. St Louis; Pella, Iowa. Mr. St John. 

Wig. 3 a. A relatively shorter tooth of the same form, from above, preservtnir traces of 
the ruffoso coronal surface; S &. do., articular border; 8c. do., exterior bor- 
der; S d. do., articular border: 3 e. do., posterior margin; 3 /. do., inferior 
surface; the dense external layer exfoliated. Original of **P«. rugutus," 111, 
Qeol. Surv. II. PI. XI. f. 3. 3. St Louis; Alton. 111. Professor Worthen. 

Fig. 4 a. A more elongnto example of the same form, the triturating surface preserv- 
ing traces of the transverse rugie; 4 h, do., articular border: 4 o. do., exterior 
border: 4 c/. do., posterior margin. St. Louis; Alton. Mr. Butters. 

Fig. 5 a. A largo entire example of the Bume form, the coronal region worn smooth, 
and showing the prominently developed basal rim of the exterior border; 5 
h, do., articular border: 5 c. do., from the exterior border; 5 d, do..posterior 
margin: 5 e. do., anterior margin. Si. Louis; Alton. Mr. Van Home. 

Fig. 6 a. An immature large tooth of the same form, the inner half of the coronal sur- 
face presenting beautiful rugose markings; 6 b. do., articular border. St 
Louis; Alton. Mr. Butters. 
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PLATE XX. 

Pa«e. 
CopoDus PUBXLLtrs. St. J. andW 2Si 

Fiff. 1 a. Maxillary tootb. Tiew from aboTe, outline partially restored, enlarged; 1 5. 
do., transverse profile from inner margin; 1 c. do., longttadinal profile 
from the lateral border. Chester; Chester, Illinois. Dr. Geo. Hambaoh. 

CopoDus VAX HoBmz. 8t J. and W 229 

Fiff. 2 a. Mandibular tootb, view from above, outline partially restored; 8 &, do., from 
the outer margin; 2 c, do., longitudinal profile from the right border; 2 d. 
do., inferior surfaoe. St Louis; Alton. lU. Mr. Van Home. 
Fig. So. ICaxillary tooth, from above; 8 6, do., from the anterior margin; 8 c. do., 
transverse profile from the posterior margin: S d, do., longitudinal pro- 
file from the left border: 3 f , do., inferior surface. St. Louis: St Louis, 
Missouri. Mr. St John. 

PsAiacoDus Spbin OKBi. St J. and W 20*2 

Fig. 4 a. Maxillary tootb, right side, view from above; 4 6. do., transverse profile 
from inner margin; 4 c. do., anterior margin; 4 d, exterior border; out- 
line showing probable disposition of teeth upon the jaw. Upper Bur- 
lington limestone fish-bed; Burlington. Mr. St John. 

Fig. 5 a, b, 0. Similar views of a left side tooth of the same form; 5 d. do, articular 
border. Upper Burliugton limestone; Louisa county. Iowa. Mr. St 
John. 

Fig. 6 a. View from above of a large example of the same form, outline partially re- 
stored: 6 &. do., transverse profile from posterior margin: 6 c. do., ar- 
ticular border. Upper Buriington fish-bed; Louisa county. Iowa. Mr. 
Springer. 

Fig. 7 a. A similar example of the opposite side, from above: 7 &, do., exterior bor- 
der: 7 c, do., articular border: 7 d, do., anterior margin. Same forma- 
tion, locality and collection. 

Fig. 8 a. Mandibular tooth, left side, from above: 8 {>. do., posterior margin, trans- 
verse profile: 8 c, do., anterior margin; 8 d. do., ariicular border, longi- 
tudinal profile; 8 p, do., exterior border. Upper Burlington division 
beds; Qaincy. Professor Worthen. 

Fig. 9 a. b, c. Similar views of a specimen of the same form, right side; 9 d, do., ar- 
ticular border, and outline showing inrollment of the mandibular series 
of teeth from within outwards. Upper Burlington limestone: Burling- 
ton. Mr. St. John. 

Fig. 10 a. Mandibular tooth, left side, view from above; 10 b, do., from posterior mar- 
gin; 10 c, do., from anterior margin: 10 d from ariicular border: 10 e do., 
exterior border. Upper Burlington limestone: Louisa county, Iowa. 
Mr. Springer. 

Fig. 11 a, b, c. d, 0. Similar views of a large, proportionately broad mandibular (?)tootb ^ 
right side. Same formation, locality and collection. 
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PLATE XXI. 

Paob» 
Ctknacantbub coxanus. 8t J. and W 2SS 

Fiff. 1 a. Side view of spine, ontiine restored: I &. do., showini; anterior edire; I c, do.. 

posterior face, the wall brolcen away exposing the palp oavity; I <2, do., 

transverse section near middle. Keokulc; Montrose, Iowa. Mr. Cox. 

Ctenacanthus Pellknsis 8S7 

Fiff. 2 a. Fragment of spine, showing; the dorsal or anterior edffe; 2 b, do., side view, 
outline partially restored: 2 c. do., posterior face, showing beveled lat- 
eral ed^es and the deep trough of the pulp oavity: 2 d, do., enlargement 
of surface, showing variable character of superficial ornamentation; 2 e 
do., cross section. St. Louis formation; Pella. Iowa. Mr. Van Home. 

Ctbnacanthus CAKNALrRATUB. St. J. and W 299^ 

Fig. 3 a. Side view of fragment of spine; S h, do., anterior or dorsal edge; 3 c, do., pos- 
terior face: 3 d, do., transverse section. Chester; Chester, IIL Dr. flam- 
bach. 

AsTEROPTTCHius TENELLUS. St J. and W 24» 

Fig. 4 a. Fragment of spine, view of left side: 4 b, do., enlargement of surface: 4 c. do., 
transverse section. Upper. Coiil Measures; Topekn. Mr. St. John. 
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PLATE XXII. 

Paok 

Ctenacanthus detlbxus. 8t J. and W 234 

Fiff. 1 a. Side-view of spine, outline partially restored; 1 b, do., showing the anterior 
edge: 1 c, do., posterior face; 1 d. e, do., transverse sections near the 
inferior angle of the posterior face and near the broken upper extremity. 
St Louis; Alton. 111.. Mr. Alex. Butters. 

Ctbnacanthus Buttb&si, St. J. and W 210 

Fiff. 2 a. Dorsal view of spine; 2 6. do., view of right side; 2 c, do., showing posterior 
face: 2d. do., cross sections from the middle and near the extremities; 
2 6, do., enlargement showing tuberculated costs in the basal angle in 
front, somewhat worn. Lower Coal Measures. Coal No. 5; Oarlinville, 
111., Mr. Butters. 
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PLATE XXIV. 

Paoi. 

Ctimaoanthus OBA0ILLDCU8. N. and W S88 

Fiff. 1 a. Side view of a nearly entire dorsal spine. St. Louis limestone; Shomard 
collection of Washinston University. St Louis, Missouri. 

OBAOAinnius tctustus. Leidy 9S6 

Fiff. 2 a. View of right side of spine; 2 &, o. do., transverse sections toward tip and 
near middle, showing thickness of the walls inclosing pulp cavity; 2 ct, 
do., enlargement of tubercle. St Louis limestone, St Louis. Missouri. 
Museum Washington University. 

AcoNDTi^CANTHUS? MuDOiASfus. St J. and W 214 

Fig. 3 a. View of fragment, showing a strip of the right side near the postero-lateral 
border with the longitudinal costte. and part of the opposite side em- 
bedded in the limestone matrix, with the pulp cavity exposed to view; 
3 b, do., transverse section of spine. Upper Goal Measures; Bock creek, 
near Manhattan, Kansas. Mr. St John. 

Gtbacanthus? co&datus, St J. and W 2t>l 

Fig. 4 a. View of right side of spine, portion of inferior wall broken away exposing 
to view inner surface of the opposite wall; 4 &, do., transverse section 
near middle, the anterior border uppermost. St Louis; Alton, Illinois. 
Mr. Butters. 

Dbepanacakthxjs bbvsbsus. St J. and W 253 

Fig. 5 a. View of right side of spine; 6 &, c, do., transverse sections toward tip and 
near dorsal line. St Louis; Alton, Illinois. Mr. Butters. 

Phtsonkmus faix;atc7S. St J. and W 252 

Fig. 6 a. View of spine from the right side, baselpartially restored; 6 h, do., trans- 
verse section toward tip. St Louis; St Louis, Missouri. Washington 
University. 
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PLATE XXV. 

Page. 

Qltmmatacaxthus budi^ St. and W 'U9 

FIff. 1 a. View of framnent of aplne from the riffht aide, oatline partially restored: 

1 &. do., from the anterior border; 1 c, do., tranayerae section: Keokuk: 
Keokuk, Iowa. Mr. Cox. 

QLTXHATACAirTHua PBTBODOXDXP, St J. and W 2S0 

Flff. 2 a. View of fragment of spine, showing part of lateral surface tuberculation : 

2 b, do., restored outline of transverse section; 2 c. do., enlarirement. 
showing radiately- sculptured tuberolep, as seen in profile. Chester; 
Chester. Illinois. Dr. Hambach. 

Obacamthus bsotus. St J. and W 2S7 

Fiir. S a. View of fragment of spine, showing portion of the pottcerior (?) border; 8 b, 
do., from the rieht(?) side; Sc. do., in transverse section, restored. 
Chester; Chester. Illinois. Dr. Hambach. 

Batacaxthus? nbcis. St J. and W 2S3 

Fiff. 4 a. View of spine from the left side, base restored in outline; 4 b. do., transverse 
sections near tip and at middle, the latter crushed in over the pulp 
cavity, with a, restored section. Keokuk; Keokuk, Iowa. Mr. Cox. 
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PLATE XXVI. 

Paok. 

AcovDYLiACAirTHUs? xiPHXAS. 8t J. and W 3I# 

FIff. 1 a. Tiew of riffht side of spine, the extremities and posterior border restored in 
outline; 1 6. do., transverse section near middle posterior face restored in 
outline. Keokuk; Keokok. Iowa. Mr. Cox. 

AcovDTLACAVTHUs ascTus, St J. and W Sll 

Fiff. S, a. Tiew of spine from richt side; 2 &. do., section of posterior face enlarged; 2 c. 
do., enlargement from middle of spine. Upper Coal Measures; LaSalle. 111. 
Prof. Worthen.. 

AcoyDTLACAMTBUs HUPBBUs, St. J. and W 242 

Wig, S. a. View of spine from left side; S 6, do., enlargement above middle of spine: S c. 
do., transverse section. Upper Coal Measures; Peru. HI.. Mr. TilTany. 

QTBACAirrBus? coBDATUs. St. J. and W 25t 

Fig. 4 a. Tiew of spine from tlie anterior edge, outline restored; 4 &. do., from the pos- 
terior face; 4 e, do., from the right side; 4 d. do., left ^ide; 4 e, do., transverse 
sections at different parts of the spine, the posterior wall destroyed at k>oth 
extremities, as shown in figure 4 b. Keokuk; Keokuk. Iowa. Mr. Cox. 
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PLATE XX VI I. 

Paob. 

Fig, 1. POTBBIOCRIXUS COXAKUS 281 

Anterior view of the body, and the upper part of the ventral tube; natuml 
size. 

Fig. 2. POTKBIOCBUfUS OCCIDEKTALIS 278 

Side view of the type specimen, showing the anal plates, arms, and a part 
of the column: natural size. 

Fig. 3. POTEMOCRINUS ObESTES 278 

Anterior view, showing the arms and tentacula. 

3 a. Posterior view of the same; natural size. 

Fig. 4. POTEBIOCBINUS BBIiBBIUS 279 

Posterior side, showing the arms and tentacula. 

4 a. Anterior view of another individual; natural size. 

Fig. 5. BHODOCBINUS POLYDACTTLUS 305 

Posterior view; natural size. 

Fig. 6. POTEBIOCBDfUS SUBBAMULOSUB 284 

Anterior view of body and arms; natural size. 

Fig. 7. DiCHOCBlNUS COXANUS 313 

Anterior view of body and arms; natural size. 

Fig. 8. POTEBIOCBIXUS ASPER 278 

Anterior view of body and arms; natural size. 

Fig. 9. POTERIOCBINUS HlMILTOSEXSIS 278 

Posterior view of the body, arms and tentacula; natural size. 

Fig. 10. DiCHCCRisus Hamiltonexsis 313 

Anterior view; natural Bize. 
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PLATE XXVIII. 

Page. 

Tig, 1. Zbacbinus Cosanus 902 

Anterior view of ttie body, arms and tentacula. and a portion of the column, 
natural size. 

Fig. 2. POTKBIOCBIWUS ASPKBATUS 280 

Posterior view of the body, arms and tentacula. and n portion of the 
column, natural size. 

Tig, 3. ZsACBiNus Keokuk 30S 

Anterior view of body and armf>, mitural size. 

Filf. 4. POTEBIOCBINUB OtTEBKNSIS 283 

Side view of a crushed specimen, and a part of the pentagonal column. 

Fig. 6. Ctathocbinub pabvibbachiatus 309 

Anterior view of the body, arms, and a part of the column, natural size. 

Fig. 6. POTEBIOCBINUS LATIDACTTLU8 275 

Side viAw of the body, a part of the arms, and upper portion of the column, 
natural size. 

Fig. 7. Rhodocbinus Coxanus 305 

Posterior view, natural size. 

Fig. 8. POTEBIOCBINUS BUBKETI 270 

Anterior view of body and arms. 
8 a. Posterior view of another individual showing the ventral tube and column. 

Fig. 9. POTEBIOCBINUS PENICILLIFOBMIS 276 

Posterior view of a nearly perfect individual, natural size. 

Fig. 10. POTEBIOCBINUS NaUVOOENSIS 282 

Side view of a crushed specimen, natural size. 

Fig. 11. POTEBIOCBINUS TENTACULA.TU8 277 

Posterior view, natural size. 

Fig. 12. POTEBIOCBINUS ABACHNiEFORMIS 281 

Posterior view of the body and a portion of one of the arms, natural size. 

Fig. 13. POTEBIOCBINUS TENUIDACTTLUS 271 

Anterior view of the body aod a part of the arms, natural size. 
Fig. 14. Eretmocbinus Vabsoviensis 306 

Side view of the body with arms complete, and a part of the column, natu- 
ral size. 
Fig. 15. POTEBIOCBINUS Vabsoviensis 290 

Side view of the body and a part of the arms and column, natural size. 

Fig. 16. POTEBIOCBINUS VALIDU8 287 

Anterior view of the body and a part of the arms and column, natural size. 

Fig. 17. POTEBIOCBINUS Illinoiensis 289 

Posterior view of the body and part of the arms, natural size. 
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PLATE XXIX. 

Paoi 

Fiff. 1. POTKBIOCBXXU8 8PXXOBSACHXATU8 290 

Anterior view of a nearly perfeot specimen. 

Fiff.2. POTSBIOCBDfUB 0KAWBX8I8 296 

Bide view showing body and two of the arms. 

Fiff. 3. EUPACHTCBIKUS BOTDI. 

Bide view of a nearly perfect specimen. 

For description of this species see Vol. Y. of these Beports, p. 564. 

Fig. 4. EUPACHTCSINUS ASPEXATUS 311 

4 a. Bide view of the body and lower part of the arms. 
4 b. Basal view of the same specimen. 

Fig. 6. ONTCHOCBiyUS DISTXNSUS 307 

Bide view of the body and lower part of the arms. 

Fiff. 6. POTKBIOCRIKUS COLUMBnCXSIS 293 

Bide view of a nearly perfect individual. 

Fiff. 7. AOASSIZOCBIHUS HEMISPHSBICUS 316 

7 a and 7 b. Opposite sides of the same specimen. 
7 c. Basal view of the same. 

Fig. 8. POTSBIOCBINUS SCULPTUS 292 

Bide view of the body and lower part of the arms. 

Fig. 9. PoTKBIOCBnfUS PBOPINQUUB 299 

Bide view of the body and a portion of the arms and column. 

Fig. 10. POTSBIOCBIKUS PECUUABIS 298 

10 a. Anterior side, with the arms nearly complete. 

10 b. Posterior side of another specimen. 

Fig. 11. TALABOCBIKUS OVATUS 314 

11 a. Bide view. 11 h. Basal view. 

Fig. 12. POTEBIOCBIMUS PoPENSIS 296 

Side view of the body and arms. 

Fig. 13. POTEBIOCBINUS VENUSTU8 297 

13 a. Posterior side of a nearly perfect individual. 
13 b. Anterior view of the same specimen. 

Fig. 14. Allaoecbinus Cabpentebi 341 

Side view of a nearly perfect individual. 

Fig. 15. PoTEBiocBiMus Eassaskiensis 300 

Side view of a nearly perfect individual. 

Fig. 16. EUPACHYCBINUS MONBOENSIS 312 

Basal view. 

Fig. 17. AOASSIZOCBIKUS PAPILLATUS 315 

Side view of the body and arms. 

Fig. 18. POTEBIOCBINUS BaLTEBI 291 

Side view of a nearly perfect specimen. 
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PLATE XXX. 

Paob. 

TUf. I. POTKBIOCRINU8 CULTIDACTYLUfl 991 

View of the anal side. 

Flic. 2. Taxocbinus Flktchkbi 906 

View of a Dearly perfect individual. 

Tig. 3. ZSACBINUS PIKBNSIS 304 

Side view of a nearly perfect individual. 
Pllf. 4. Ctathocbinus Mabshallbn'sis 810 

Side view of a nearly perfect individual. 
Fig. 6. Petkbiocbinus Kichfibldbnsis 28S 

View of the anal side of the body and the arms complete. 
Fig. 6. POTEBIOCBINUS Clattonbnsis 288 

Side view of the body with part of the arms and column. 
Tig. 7. FoTKBiocBiNUS Talboti 287 

Side view of the body and part of the arms. 
Fig. 8. Lecythiocbinus Adamsi 317 

8 a, and 8 b. Opposite sides of the same specimen. 

8 c. View of the summit. 8 d. View of the base. 
Fig. 9. Plattcbinus Monboensis 306 

Side view of body and arms. 

Fig. 10. Poteriocbinus clttis 294 

Side view of a nearly perfect individual. 

Fig. 11. PoTEBiocRiNus Fountainensis 286 

View of the anal side and part of the arms. 

Tig. 12. POTEBIOCRINUS 8IMII.I8 296 

Side view of a nearly perfect specimen. 

Fig. 13. AcRocBiNUS Wobtheni 343 

13 a and 13 h. Opposite sides of the body. 
Fig. 14. Abch^ocidaris spino-clavatus 337 

14 a, h, c. Primary spines. 

14 d, e. Interambulacral plates. 

Fig. 15. ABCHiEOCIDABTS EDGA^.ENSIS 337 

15 a, b. Primary spines. 

15 e. Interambulacral plates. 

Tig. KJ. Jaw plates op Abchaocidabis? sp. undt 

From the Cpper Coal-Measures, LaSalle, 111. 
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PLATE XXXI. 

Paok. 

ABCHJKOCIBABIS iLLmOIKffUS 338 

Primary splaes natural size. 

COMPSASTBB F0BM08U8 387 

Ventral side natural size. 

Section of ray enlarged two diameters. 

Tbbmatastbb Dimcius 330 

Ventral side magnified two diameters. 
Section of ray magnified four diameters. 

Choulstkb peculiabts 329 

Dorsal view natural size. 

Section of ray magnified two diameters. 

HTBOCHIMUS SPECTABIIilS 332 

View of a depressed specimen natural size. 

Views of ambulacral and adambulacral plates, enlarged two diameters. 

Magnified view of horn-like protuberance. 

View of a crushed specimen, showing the jaws. 

Jaws, belonging to this or a kindred species. 

Pbbischodomus Iixinoiensis 333 

View of the apical end of a distorted specimen, natural size. 

Fig. 9. ECHINODISCUS OPTATUS 336 

View of part of the lower side of a specimen, showing the plates near 
the margin, natural size. 
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